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ture  operating  lift'  tests  with  static  and  dynamic  excitation. 

The  part  types  under  evaluation  include  a  IK  x  4  hit  NMOS  static  RAM 
(AM9130)  and  a  4K  x  1  bit  NMOS  static  RAM  (AM9140). 


The  test  results  indicated  that  the  AM9130  and  AM9140  devices  have  a  high 
reliability  potential.  However,  there  was  an  insufficient  number  of  life  test 
failures  to  estimate  the  device  failure  rates  based  on  the  Arrhenius  Reaction 
Rate  Model.  A  total  of  eighteen  devices  of  240  total  tested  were  failed  at  the 
completion  of  testing  and  all  but  two  failures  were  attributed  to  a  surface 
related  meclynism(s) ■  Seven  of  the  eighteen  device  failures  were  due  to 
marginal  L.  -rvalues  at  the  start  of  life  testing  and  a  single  failure  was 
a 1 1 r ibu ted  To  a  Jegraded  input  caused  by  static  discharge  or  an  electrical 
transient ,_y  A1 1  failures  occurred  in  the  static  and  dynamic  life  test  cells  with 
a  total  of'f'\20  parts.  It  Is  believed  that  high  reliability  military  systems  can 
he  designed  Vith  devices  procured  to  the  MI1.-M-38TO/237  specification. 

Rased  onlthe  limited  cell  size  and  small  number  of  failures,  the  test 
results  are  noit  conclusive  as  to  the  relative  effectiveness  of  static  versus 
dynamic  excitation  during  accelerated  life  testing.  It  is  recommended  that 
I  more  ex t ens ive  leva  hint  ions  he  performed  to  determine  whether  static  excitation 

I  or  dynamic  excitation  is  more  effective  for  LSI  memories.  These  evaluations 
should  include  larger  test  cell  sizes  and  multiple  wafer  lots. 
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PREFACE 


The  work  described  in  this  report  was  performed  by  the  Parts  Evaluation 
laboratory  section  of  the  McDonnell  Douglas  Astronautics  Company  -  St.  Louis 
Inginecring  Reliability  Department  during  the  period  between  December  1977  and 
May  1979.  Electrical  testing  was  performed  by  the  Advanced  Test  and  Design 
Group  of  the  McDonnell  Douglas  Electronics  Company.  The  work  was  performed  for 
the  USAF  Rome  Air  Development  Center  under  contract  number  F30602-78-C-0014. 

Mr.  Carmine  Salvo  of  the  RADC  Reliability  Physics  Section  provided  technical 
direction.  In  addition  to  the  many  McDonnel 1  Douglas  personnel  who  contributed 
to  the  program,  special  thanks  are  extended  to  Messrs.  Van  Weissflug,  Michael 
Roberts,  Thomas  Faltus,  Edward  Sisul,  Will  tastes  and  finally  to  Ron  Mackin 
and  Gordon  Johnson  for  providing  engineering  management  of  the  test  program. 
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EVALUATION 

This  study  in  support  of  TP05,  System  Availability,  is  one  of  the  first  in  a 
series  of  reliability  assurance  efforts  designed  to  evaluate  the  reliability,  failure 
modes  and  mechanisms,  of  the  latest  LSI  NMOS  technologies  which  are  being  used 
in  Air  Force  electronics.  ' 

Memory  devices  have  been  selected  as  test  vehicles  because,  typically, 
introduction  of  new  semiconductor  design  fabrication  techniques  occurs  first  in 
memory  devices.  Thus,  memory  reliability  studies  allow  the  earliest  assessment  of 
design,  process  and  materials  associated  with  the  reliability  of  the  emerging 
technology. 

The  devices  selected  for  this  study  were  commercial  AM9130  and  AM9140, 
4K  n-channel  silicon  gate  MOS  RAMs  purchased  to  MIL-M-3851 0/237  Class  B 
requirements.  This  effort  employed  high  stress  test  cells  including  4000  hour 
operating  life  tests  at  Vcc  =  6.5  volts  and  temperatures  of  175°C  and  200°C. 
Despite  extreme  conditions,  only  18  devices  of  120  stressed  in  these  operating  life 
test  cells  failed,  and  of  those,  one  was  not  considered  life  test  induced,  and  seven 
were  marginal  Icc  failures  on  parts  which  were  close  to  the  specification  limit  on 
that  parameter  prior  to  life  test.  There  were  no  temperature  cycling  or  high 
temperature  non-operating  life  test  cell  failures. 

This  study  establishes  a  baseline  for  LSI  NMOS  silicon  gate  reliability  of 
these  relatively  mature,  early  generation  4K  devices.  The  results  will  be  used  in 
improving  M1L-M-38510  specifications  and  MIL-STD-883  test  methods  and  proced¬ 
ures.  The  data  is  already  being  applied  to  innovative  studies  of  more  advanced 
technology  memories  using  microprocessors  to  detect  and  record  transient  or  soft 


IX 


errors  which  occur  during  the  life  test  between  the  electrical  test  measurement 
times.  With  so  few  hard  failures  occurring  in  a  4,000  hour  accelerated  life  test, 
such  an  approach  is  expected  to  yield  a  great  deal  of  additional  useful  reliability 
information. 

The  A,'.ii'hl4Q  is  already  in  use  in  F-K>  and  F-13  systems  and  the  AN/TPa- 
4? A  IFF'  equipment.  This  study  should  provide  assurance  that  parts  procured  to  the 
require  nents  of  \ .  1 L.-  .‘-33/IO/?37,  Class  will  perform  reliably  in  these  and  other 
systems. 


FARMINh  J.  SALVO 
Project  Engineer 
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1.0  INTRODUCTION 


Air  Force  systems  are  currently  being  designed  with  4096-bit  static  NMOS 
Random  Access  Memories  ( R AMs ) -  New,  more  complex,  higher  density  devices  are 
expected  in  the  near  future  with  this  technology.  A  reliability  characteriza¬ 
tion  program  is  an  essential  step  in  assessing  the  reliability  of  the  4K-bit 
NMOS  RAM  technology.  Particular  attention  was  given  to  determining  the  suit¬ 
ability  of  high  temperature  operating  life  tests  with  static  excitation  and  to 
compare  the  relative  effectiveness  of  static  versus  dynamic  excitation  acceler¬ 
ated  life  tests. 

Ik*  primary  objective  of  this  program  was  to  evaluate  and  characterize  the 
reliability  and  failure  modes  of  4096-bit  LSI  Memories  procured  to  the  specifi¬ 
cation  logtiircments  of  MIL-M-38bl0/?37.  The  secondary  objective  was  to  evaluate 
the  screening  effectiveness  of  the  detail  specifications  and  to  make  recommen¬ 
dations  for  improving  the  screening  effectiveness  as  a  result  of  life  testing. 

This  report  provides  a  general  description  of  the  overall  program  and 
presents  the  results  of  all  tests  and  evaluations  conducted  throughout,  the 
program.  The  results  of  failure  analysis  and  data  analysis  are  also  included 
in  this  report. 
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2.0  PROGRAM  DESCRIPTION 


2.1  TEST  PROGRAM 


The  program  for  characteri zi ng  the  failure  modes  of  4090-bit  IS!  memories 
is  illustrated  in  figure  2-1.  The  work  flow  of  the  test  program  was  subdivided 
into  three  phases  which  included:  (a)  initial  inspections  and  hornet  icily 
testing,  (b)  electrical,  physical  and  reliability  characterize  ions,  and  (c)  a 
matrix  of  temperature  cycling  and  high  temperature  operating  and  nonoperating 
life  tests.  Upon  receipt  of  devices  at  MDAC-St.  Louis,  the  test  devices  were 
subjected  to  visual  inspection  and  hermetic ity  tests.  All  devices  that  passed 
the  Phase  1  inspections  and  tests  were  electrically  tested  to  the  appropriate 
MIL-M-3DM0  slash  sheet.  Ihe  electrical  charact eri /at  ions  were  performed  on  a 
100%  basis  to  the  Group  A  dc  and  functional  tests  of  t tie  appropriate  Mil  -M-3<'’‘>!i) 
slash  sheet.  Following  the  initial  examinations  and  electrical  tests,  accept¬ 
able  devices  were  allocated  by  serial  number  to  individual  test  groups.  Ihe 
device  allocation  for  each  part  type  is  shown  in  figure  2-1. 

Physical  character i/at ions  were  performed  by  both  MDAC-St.  loins  and  RAOC 
on  a  sample  of  five  devices  ol  each  memory  lyin'.  Dost  hk  live  physical 
analyses  were  used  to  determine  construction  methods,  manufact uring  process 
teclmigues,  detail  device  schematics,  and  internal  gas  ambient,  these  results 
were  used  to  predict  potential  reliability  problems,  to  identify  any  physical 
limitations  which  may  influence  the  selection  of  life  test  temperat ures  and  to 
provide  a  baseline  for  failure  analyses  activities. 

Reliability  character  i/at  ions  were  performed  ori  a  sample  of  ten  devices  ol 
each  memory  type  as  prerequisites  to  determining  the  accelerated  life  test 
conditions.  These  studies  included  the  evaluation  of  both  static  and  dynamic 
excitation  bias  circuits  and  thermal  resistance  measurements  for  computing  the 
device  junction  temperatures  at  the  anticipated  life  test  temperatures.  Prior 
to  selecting  the  static  excitation  bias  circuits,  considerations  were  given  to 
the  devices'  operational  modes,  address  input  selection  and  output,  load,  for 
the  dynamii  excitation  bias  circuits,  t  tie  considerations  included  the  devices' 
operatiun.il  mud"'.,  d.;i  a  patients,  operating  frequency,  and  output  load. 
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The  results  of  the  Phase  II  characterizations  were  used  to  select  the 
operating  life  test  conditions  for  Phase  III  evaluations.  In  addition  to  the 
operating  life  tests,  high  temperature  storage  tests  and  temperature  cycling 
tests  were  included  in  the  evaluations.  The  high  temperature  storage  tests 
were  performed  with  ten  devices  of  each  part  type  for  2000  hours  at  an  ambient 
temperature  of  275°C.  The  temperature  cycling  tests  consisted  of  ten  devices 
of  each  part  type  subjected  to  -65°C  to  150°C  temperature  extremes  for  200 
cycles.  The  accelerated  life  tests  were  performed  with  60  devices  of  each  part 
type  and  consisted  of:  (a)  two  cells  of  15  devices  each  with  static  excitation 
and  (b)  two  cells  of  15  devices  each  with  dynamic  excitation.  The  duration  of 
the  life  tests  was  4000  hours  with  ambient  temperatures  of  the  test  cells  at 
200JC  and  175°C.  Interim  electrical  performance  measurements  were  performed  on 
test  devices  after  cool  down  to  room  ambient  temperature  with  bias  applied. 

The  schedule  of  electrical  measurements  for  the  memory  stress  tests  is  shown  in 
Tables  2-1  through  2-3.  The  subgroups  1,  2,  and  3  are  the  dc  tests  at  25^0, 
125l’C,  and  -55;’C  and  subgroups  9,  10,  and  11  are  the  functional  tests  at.  25°C, 
125°C,  and  -56"C  of  the  detail  specification  and  are  defined  in  Appendix  B. 

All  devices  that  failed  an  interim  test  at  2b°C  were  removed  from  the  life  test 
and  subjected  to  failure  analysis.  In  addition,  shmoo  plots  were  initially 
generated  for  access  time  as  a  function  of  supply  voltage  for  25 °C ,  125°C  and 
- 55'C  with  two  devices  of  each  part  type.  One  device  of  each  type  was  assigned 
to  the  200“C  dynamic  excitation  test  cell  and  shmoo  plots  were  generated  at  the 
4000  hour  measurement  point. 

A  control  sample  of  five  devices  of  each  memory  type  was  subjected  to 
electrical  performance  measurements  prior  to  the  start  of  each  interim  test 
measurement  period.  The  purpose  of  the  control  sample  was  to  verify  the  long 
term  stability  of  the  automated  test  equipment. 


TABLE  ?-l.  HIGH  TEMPERATURE  OPERATING  LIFE  TEST  INTERIM  ELECTRICAL  MEASUREMENT 

SCHEDULE 


CUMUtAlIVE  HOURS 

M3851 0/237, 

TABLE  111 

SHHOO 

SUBGROUPS  1  &  9 

SUBGROUPS  2,  3,  10  &  11 

0 

X 

X 

X 

168 

X 

504 

X 

X 

1000 

X 

X 

;  1500 

X 

!  2000 

X 

X 

,  4000 

X 

X 

X 

1AKLI  7-2.  HIGH  TEMPERATURE  NON-OPERATING  LIFE  TEST  INTERIM  ELECTRICAL  MEASUREMENT 

SCHEDULE 


v~' 

CUMULATIVE  HOURS 

M3851 0/237, 

TABLE  III 

SUBGROUPS  I  &  9 

SUBGROUPS  2,  3,  10  A  11 

0 

X 

X  1 

168 

X 

i 

504 

X 

1000 

X 

1500 

X 

2000 

X 

X  j 

TAB! t  2-3.  TEMPERATURE  CYCLING  INTERIM  ELECTRICAL  MEASURE  MINT  SCHFPUI 


CUMULATIVE  CYCLES 

M3B5 10/237,  1 

SUBGROUPS 

1  &  9 

0 

X 

10 

X 

50 

X 

100 

X 

150 

X 

200 

X 

L. - -  —  ..... 

x 


2.2  MEMORY  TYPES 


Two  different  LSI  memory  types  were  selected  for  reliability  and  life 
characterizations.  These  included  a  1024  x  4  bit  static  RAM  (AM9130)  and  a 
4096  x  1  bit  static  RAM  (AM9140),  both  Implemented  with  NMOS  technology  and 
procured  to  the  initial  draft  of  the  MIL-M- 38510/237  specification  requirements. 
A  total  of  120  memories  of  each  part  type  was  procured  to  MIL-STD-883,  Class  B 
equivalent  processing  requirements  with  the  exception  that  a  168  hour,  125°C 
static  burn-in  was  performed.  Initially,  it  was  hoped  that  the  memories  could 
be  procured  from  multiple  sources.  However,  the  devices  were  only  available 
from  a  single  source.  The  manufacturer,  part  numbers,  part  description,  and 
military  specification  references  of  the  selected  memories  are  shown  in 
Table  2-4. 
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TABU  2-4.  MEMORY  TYPES 


MIL-M-38S10 

REFERtNCt 

PART 

TYPE 

MANUFACTURER 

manufacturer  part  number 

/23704BWC 

1024  x 
STATIC 
2?  PIN 

4  BIT  NMOS 
RAM 

CERAMIC  DIP 

AOVANCCD  MICRO 
DEVICES 

AM91 30ADM-B 

/23712BWC 

40%  x 
STATIC 
2?  PIN 

......... 

1  BIT  NMOS 
RAM 

CERAMIC  DIP 

ADVANCED  MICRO 
DEVICES 

AM9140ADM-B 

NOTES: 

1.  Alt  MEMORIES  SCREENED  TO  MIL-STD-883,  CLASS  B  WITH  168  HOUR,  T25°C 
STATIC  BURN-IN. 

2.  NOT  QPL-38510  DEVICES. 


/ 


3.0  RESULTS  OF  PHASE  I  INSPECTIONS  AND  TESTS 


3 . 1  EXTERNAL  VISUAL  EXAMINATIONS  AND  HERMETICITY  TESTS 

All  devices  were  shipped  from  the  manufacturer  in  anti-static  tube/rail 
type  carriers  and  were  examined  for  conformance  to  the  purchase  order  require¬ 
ments  for  device  type,  package  style,  lead  finish  and  marking.  Each  device 
was  examined  at  10X  magnification  for  evidence  of  damage  to  package,  package 
seals,  and  leads  per  MIL-STD-883,  Method  2009.1.  Nine  AM9130  and  seven  AM^HO 
devices  exhibited  chipped  corners  which  appeared  to  be  cosmetic  defects.  Sub¬ 
sequent  hermeticity  testing  and  electrical  characterizations  showed  that  the 
chipped  corners  were  only  cosmetic  defects  and  all  16  devices  were  acceptable 
for  the  test  program 

Following  the  external  visual  examinations,  all  devices  were  subjected 
to  hermeticity  testing  to  MIL-STD-883,  Method  1014.1,  Conditions  A1  and  C2.  A 
single  AM9140  device  failed  both  fine  and  gross  leak  tests  and  was  returned  to 
the  manufacturer  for  replacement.  The  replacement  device  was  received  from 
Advanced  Micro  Devices  (AMO)  shipped  in  a  plastic  bag  (not  anti-static  material) 
and  is  shown  in  figure  3-1.  A  summary  of  the  visual  inspections  and  hermeticity 
tests  is  presented  in  Table  3-1. 
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TABLE  3-1.  INITIAL  INSPECTION  AND  HERMETICITY  TEST  RESULTS 


r 

VISUAL 

INSPECTION 

HERMETICITY 

TESTS 

T  TOTAL 

j  PART  NUMBER 

1  U  1  ML 

TESTED 

PASSED 

FAILED 

FINE  LEAK  ! 

GROSS  LEAK 

4  faile:) 

a 

1 

A 

PASSED 

FAILED 

PASSED  1  FAILED 

A 

i 

AM9130 

120 

120 

• 

120 

- _T_ 

°  ! 

! 

120  !  0 

I 

0 

AM9140 

! 

120 

120 

_ 

0 

119 

i  i 

; 

1 

1 

119  ;  1 

- - i 

1 

NOTES: 


A 

A 


COSMETIC  DEFECTS  NOTED  BUT  DID  NOT  AFFECT  SUBSEQUENT  TESTS. 

SAME  DEVICE  FAILED  BOTH  FINE  AND  GROSS  LEAK  TESTS  8UT  DID  NOT  HAVE  CHIPPED  CORNERS. 
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4.(1  1(1  SUM  S  1)1  l’IIA',1  II  UIAKAU!  KI/AI  ION', 

4.1  IIICIIUCAI.  CIIAKAf. II KI/A I  HJN5 

Phase  11  activities  were  initiated  with  electrical  character i /.it  ions  cl 
120  devices  of  each  |iart  type.  This  characterization  consisted  of  per  f  or:  ■ ;  i  y 
on  a  100,1  b.isis  all  of  the  initial  draft  MIL- M- 38blO/zfli7  specification  o!<-c- 
erica!  perl  oruance  tests  at  2b°C,  125°C  and  -55°C.  In  addition,  for  a  cai  ;;.ic 
of  two  devices  of  each  part  type,  shr.ioo  plots  were  generated  for  chip  enable 
access  tine  as  a  function  of  supply  voltage  and  temperature. 

!'he  electrical  test  conditions,  test  limits,  waveforms,  alyorj  thms  acJ 
’.cods  for  both  o.ir'  types  are  included  in  Appendix  B.  All  electrical  foe's 
••a:ic>  in  acc'r  d.i'C.e  wi'h  the  initial  draft  of  MIL-M- 38510/237  with  the  fo>  eg 

c-scapL  ions '  i)  output  h'ifi  voltaije  (V^|()  and  output  low  volt  aye  (V^^)  tic 
tests  measie-eii.-c’it ,  .j.-vi  l>)  chip  enable  access  time  (t  (qe))  measurements .  !'o 

foi.  i !  i  fate  automate'!  test  measurements  of  V^[(  and  ,  both  tests  were 
poi  s armed  by  fyrritnj  '  ho  ri.*i|(Mred  output  current  and  measuring  the  output, 
voltage,  i'he  slash  sheet  re<pii foments  specify  an  output  current;  luousurci’ieur 
after  fore i no  the  output  i n  o  a  specified  voltage.  To  assure  that  t'oi.b  Use 
r:\ip  on, ah  |e  access  si  mo  and  output  enable  on  delay  (t^g)  parameters  are 
w-thin  sjvc  i  i  iraMon  limits,  the  tievice  output  buffer  must  be  turned  off  for  a 
iiini  -wM  of  2«0  nS.  However,  by  changing  the  timing  of  the  output  enable 
boiler  to  be  coincident  with  the  chip  enable  pulse,  a  more  accurate 
was  measured,  fbe  t  parameter  cannot  be  guaranteed  with  this  measurement 

1  ■«.*>»<  but  it  was  •'•;i;i  rb>d  based  on  previous  experience  that  the  chip  enable 

■  •  >  ",s  if;  would  be  'he  but!  or  indicator  of  device  aging. 

■I  i.-c  ’'AP(.  h  1 1  nd  >.|,  If  el  iabi  1  ity  Evaluation  and  Electrical  Characterization 

>  1  "  .Of" os  Program  ( i >vif r.u.f  I  30602 -77 -C -0003) ,  included  the  AM914Q  device 
1  '.r  c  cir|.»  ib.’uis  i  ve  electrical  characterizations.  The  results  of  this  program 
irdi'  aied  that,  there  was  no  observed  pattern  sensitivity  for  the  AM9140 

I  ho  AMdlhl  device  uses  the  identical  oxide  and  di  f  fusion'  masks  as  the 
/s'Eli)  and  diiiers  oi.iy  ia.  i.ne  final  metal  1  i  zation  step.  In-house  studies  at 
b'  V.  m  .  loam,  indii  a'ed  I  ha  I  then?  was  also  no  pattern  sensitivity  for  the  AM9130 
!>  ■  v  i  •  : 1 .  fhe  patterns  tor  th.e  earlier  electrical  characterization  program  included 


GALPAT,  GALWRT ,  WALKING,  ROWPAT,  MARCH,  ADOCOMP  and  SHIFTING  DIAGONAL.  A 
description  of  these  algorithms  is  provided  in  Appendix  B.  The  initial  draft 
of  the  MIL-M-3851 0/237  specification  (AM9130  and  AM9140)  required  functional 
testing  with  the  GALDIA,  MARCH,  CHECKERBOARD  and  CHECKERBOARD  NOT  patterns. 
Based  on  the  results  of  the  Reliability  Evaluation  and  Electrical  Characteriza¬ 
tion  of  Memories  Program,  it  was  decided  to  complete  the  100  electrical  tests 
with  only  the  specified  slash  sheet  test  patterns. 


A  summary  of  the  initial  electrical  characterization  results  are  shown  in 
Table  4-1.  Nine  (7.5  )  AM9130  and  five  (4.2  )  AM9140  failed  to  meet  the  require¬ 
ments  of  the  slash  sheets.  AMD  replaced  all  the  failed  devices  and  the  replace¬ 
ments  passed  all  subsequent  electrical  tests.  The  devices  that  failed  initial 
electrical  tests  were  not  subjected  to  failure  analysis.  However,  a  review  of 
the  failure  data  showed  various  V^(,  ,  IjH,  I ^  and  functional  test  failures. 

It  is  not  known  how  these  devices  passed  the  manufacturer's  final  electrical 
test  prior  to  shipment,  and  AMD  could/would  not  provide  an  explanation  of  the 
reject  rate  of  the  screened  devices.  However,  it  is  believed  that  the  5.8 
combined  reject  rate  is  excessive  for  devices  screened  to  a  MIL-M-38510  equiva¬ 
lent  specification. 


4.1.1  AM91 30  L I  ee  t.r  i  c  a  1  Charac  t er  i  za  t  ion  Resul  t  s 


4. 1.1.1  DC  Tests  -  the  test  data  tor  both  part  types  are  summarized  for  the 
test  cells,  i.t.,  devices  allocated  for  temperature  cycling  tests,  etc.  These 
data  summaries  include  both  parameter  mean  and  standard  deviation  values. 

The  results  ot  the  AM0 130  electrical  i  harui  t  ni  .\t  t  i  on  dc  test--  for  a 
typical  test  cell,  i.e.,  non-operating  life  with  ten  devices,  are  shewn  in 
Table  4-7.  The  input 'output  leakage  laments  measured  on  t  lit'  automated  test 
system  default  to  1  50  ivVK  as  a  min  mum  value.  therefore,  for  those  parameters 
whose  actual  values  lie  between  *  50  nA  U  ,  the  computed  mean  ( x  •  50  nAdc)  and 
sigma  (■  0)  shown  in  the  tables  arc  not  representative  of  the  actual  mean  and 
sigma.  The  measured  parameter  values  are  well  within  the  limits  contained  in 
the  initial  draft  ot  Ml  1  -M- 3851 0/23/ . 
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TABLE  4-;.’.  AM9130  INITIAL  HUllklCAL  CIIAKACI !  Kl/AI  10IC. 


Ij(.  I ! 


PARAMETER 


■oh  .MR 

■OH.’.’O 

oh:m 

OMM't' 
OH.-.'.' 
om.y  \ 
oh::  4 
OH, VS 


hi 

u  10 

00  V, 

“oh  I.' 
“ill  1 1 

“in  u 


i  mii'-’m- wsio/.vwoaT 
1 _ Jur  umii . .  L 


MIN 


MAX 


10 


10 

l.'S 


HR 

(.4 


0  4 

0.4 


-I 


'  'a 

•  ?s-c 

'  ’a 

1?S  l 

!A  - 

j  . 

NS"f 

HI  AN 

SI  (IMA 

Ml  AN 

SIGMA 

,  Ml  AN 

i 

SIGMA 

0.040 

0.0?  A* 

0.040 

0  01  s 

j  H  ON! 

(Mill 

o.oso 

0.000 

o.oso 

0 . 000 

|  0  ONO 

O.'ll  1 

0.0  so 

0.000 

0 .  (ISO 

0  000 

|  0.04M 

o  o:n 

0 .  oso 

0.000 

o.oso 

0.000 

0  (ISO 

0  001) 

o.oso 

u.oon 

o.oso 

0.000 

|  (I.l)Sl 

n  (mm 

o.oso 

o.ooo 

0.  IQS 

o.o/: 

J  11  1141. 

0  (*.‘4 

O.OSO 

0.000 

o  f  as 

0 . 060 

j  0  ONO 

0  000 

o.oso 

0.000 

-0.  MS 

0.0/4 

0  046 

0  0/4 

o.oso 

0.000 

-O..VS 

0  IN  1 

:  o.o46 

(i  ".'4 

IN .  600 

4.60.1 

64.400 

1  1  MO 

1  10.*  0110 

6  MH 

10.  100 

4  :n 

hi  .  :oo 

1.000 

1  ON  HOO 

6  O.  'l 

»o.soo 

.'.Ml.’ 

4H.  10(1 

.Ml/ 

'  v.:oo 

4  4.‘‘» 

6 .  600 

.  l>Hh 

.16 . 600 

J.«WO 

1  .  MO  ’ 

,  S4  :oo 

1  66M 

4  0/0 

O.Oh’J 

o.onr 

1.  ‘i-l n 

0  0».'l 

.1.0)0 

o.oss 

.1  040 

0  0S4 

i  .  <N0 

ll.HSS 

0 .  1  .w 

0.014 

0.  10.1 

H.DIfr 

■  (1  IK. 

(1  HI  1 

o.  iso 

0.014 

o./l.l 

0.016 

|  o.n: 

0  01  1 

..AH. 

riA«l 


mAili 
V  ■ '  i 


noti 


0A1A  FOR  NON  OPIRAUNG  Lift  U SI  CUl  W1 1H  10  MV1CI.S. 


1  Am.!  4-.i.  AM‘M30  IMlllAl  limKICAl  CIIARAC I LK1  /A!  IONS  -  lUNU  10NAI  IIM: 


PAKAMI  U  H 

MU  M -WMO/**  1/04 
1U1  UNU* 

MIN  1  MAX 

t 

'v 

Ml  AN 

VC 

.  .  . 

SIGMA 

• 

'a  . 

Ml  AN 

'•'VT 

SIGMA 

'A 

Ml  AN 

>V*< 

SIGMA 

UNITS 

RlAiVWKIIl  ) 

Sun- Si  '  4  ' v 

MARCH 

soo 

14.1. 000 

R .  /6‘1 

ir:.  (loo 

8  /‘i« 

l.’/.OOO 

Q  I'M 

MIMORY  SI  Al  OS 

son 

161.000 

8.01? 

186.000 

<1.1/6 

1  SO . 000 

/ .  H<>6 

n'« 

lAiar  vu  *  s  •’  v 

MAIO  M 

soo 

no.  ooo 

4 .  ft?<) 

1  / S.000 

S .  6  1  ( 

i::.ooo 

4 . 6  1 1 

Rl  AO/MOOll  t/WUl  1! 

A|C.'-Vu  4  ''  V  I 

marlm 

soo 

166.000 

7.  RSI 

1RI .000 

H  (.‘HI 

ISS.000 

/  f*N  ' 

♦IS 

1 A  *  i  1  ■  ‘(1  '  ’•  V  1 

MA(,n  j 

soo 

146.000 

6.4SS 

1/1.000 

b  Ml 

1  IN  000 

N  841 

nS 

1»A*|  Mr  NO*.  OMKAUNl.  llll  11  SI  fill  WHH  10  0IVICIS. 


M 
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4. 1.1. 2  Functional  Tests  -  The  results  of  AM9130  chip  enable  access  time 
measurements  performed  while  running  functional  tests  for  a  typical  test  cell, 
l.e.,  non-operating  life  with  ten  devices,  are  shown  In  Table  4-3.  Examination 
of  the  mean  values  of  access  time  obtained  for  the  MARCH,  CHECKERBOARD,  and 
CHECKERBOARD  NOT  patterns  showed  no  pattern  related  variations  and  corroborated 
the  results  of  the  previous  Reliability  Evaluation  and  Electrical  Characterization 
of  Memories  Program.  GALDIA  and  MARCH  pattern  tests  with  a  sample  of  two  devices 
showed  less  than  5  nS  difference  in  access  time  measurements.  Therefore,  the 
access  time  measurements  for  the  GALDIA  pattern  were  performed  as  a  GO/NO-GO 
test  to  minimize  the  test  times. 


4. 1.1. 3  Shmoo  Plots  -  The  AM9130  shmoo  plots  of  chip  enable  access  time  were 
generated  as  a  function  of  the  device  supply  voltage,  V^.  The  access  time 
shmoo  plots  for  the  MARCH  pattern  at  25°C,  125°C,  and  -55°C  are  illustrated  in 
Figure  4-1.  Additional  shmoo  plots  generated  at  125°C  for  various  test  patterns 
are  included  in  Figure  4-2  and  showed  no  pattern  related  variations.  A  review 
of  the  shmoo  plots  indicated  there  would  be  no  device  operating  restrictions  at 
the  maximum  rated  supply  voltage  and  maximum  specified  temperature. 

4.1.2  AM9140  Electrical  Characterization  Results 


4. 1.2.1  DC  Tests  -  The  results  of  the  AM9140  electrical  characterization  dc  tests 
for  a  typical  test  cell,  i.e.,  non-operating  life  with  ten  devices,  are  shown  in 
Table  4-4.  The  interpretation  of  the  computed  mean  and  sigma  values  for  input/ 
output  leakage  current  are  identical  to  the  AM9130.  These  results  are  similar 
to  the  AM9130  and  indicate  parameter  values  are  well  within  limits  for  the 
military  specification  requirements  and  the  limits  for  the  supply  current  ( ^CC27 ^ 
test  parameter  could  be  tightened. 


4. 1.2. 2  Functional  Tests  -  The  results  of  the  AM9140  chip  enable  access  time 
measurements  performed  while  running  functional  tests  for  a  typical  test  cell, 
i.e.,  non-operating  life  with  ten  devices,  are  shown  in  Table  4-5.  These  results 
are  similar  to  the  AM9130  and  indicate  no  pattern  related  variations. 

4. 1.2. 3  Shmoo  Plots  -  The  AM9140  shmoo  plots  of  chip  enable  access  time  were 

generated  as  a  function  of  the  device  supply  voltage,  Figure  4-3  illus¬ 

trates  the  access  time  shmoo  plots  for  the  MARCH  pattern  at  25°C,  125°C,  and  -55°C. 
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TABLE  4-4.  AM9140  INITIAL  ELECTRICAL  CHARACTERIZATIONS  -  DC  TESTS 
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FIGURE  4-3.  AM9I40  TYPICAL  SHMOO  PLOTS  FOR  CHIP  ENABLE  ACCESS  TIME 


Additional  shmoo  plots  for  various  test  patterns  generated  at  125 "C  are  included 
m  figure  4-4  and  showed  no  pattern  related  variations.  The  AM9140  can  be 
operated  at  ttie  maximum  rated  supply  voltage  and  maximum  specified  temperature. 

4.1.3  Analysis  of  Electrical  Characterization  Results  -  Electrical  characteri¬ 
zation  test  results  were  used  to  compute  the  maximum  power  dissipation  for  both 
part  types.  Discussion  of  the  dc  and  functional  test  results  are  also  included 
in  subsequent  paragraphs. 

4. 1.3.1  Power  Dissipation  -  The  results  of  power  dissipation  calculations  for 
all  test,  cells  for  25°C,  125°C  and  -55°C  are  shown  in  Table  4-6.  The  average 
values  of  t he  maximum  power  dissipation  at  each  temperature  were  obtained  from 
the  products  of  average  values  of  device  supply  current  and  the  maximum  value 
of  device  supply  voltage.  The  worst  case  values  shown  in  Table  4-6  were  calcu¬ 
lated  as  the  product  of  the  average  plus  three  sigma  (3  )  values  of  t lie  device 
supply  current  and  maximum  supply  voltage  (V^-5.5  Vdc).  The  worst  case  power 
dissipation  values  avo  shown  for  each  ambient  temperature  for  the  quiescent 
state.  The  maximum  power  dissipation  values  are  within  the  limits  (P  rl.?5  W) 
specified  by  the  manufacturer.  The  results  of  these’  calculations  indicate 
he"- oueneous  test  cells. 

4.1.3.?  DC  Tests  -  The  test  results  indicated  that  the  distributions  of  all 
parameter-,  were  within  the  manufacturer's  limits  and  tightened  limits  for  the 
supply  current  (1^,.)  could  be  incorporated  in  the  released  version  of  the 
Mil -M- 3851 0/237  spec i f icat ions  . 

4. 1.3. 3  functional  Tests  -  The  MARCH  pattern  was  the  most  effective  (100  ) 
pattern  in  detecting  all  the  initial  functional  test  failures.  The  GAID1A  and 
CHECKERBOARD  patterns  detected  56  to  67  of  the  functional  failures.  These 
results  are  in  agreement  witti  a  previously  conducted  electrical  c  har.ic  t  eri  zat  ion 
program  [  1  ].  The  MARCH  pattern  was  the  only  common  pattern  for  both  test  pro- 
grams .  However,  both  test  programs  snowed  no  N‘  or  N  pattern  related  variations 
and  an  N‘  pat'-rn  for  these  4K  RAMs  is  probably  unnecessary.  In  addition,  AMI' 
does  not  include  the  GAIDIA  pattern  for  functional  test  of  its  commercial  devices 
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TABU  4-6.  DL VICE  POWER  DISSIPATION 
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NOTE  : 

POWER  DISSIPATION  COMPUTED  FOR  EACH  TEST  CEIL  PRIOR  TO  IDE  TISTS. 


Plots  of  the  worst  case  values  of  chip  enable  access  time  for  a  typical 
test  cell  as  a  function  of  temperature,  as  shown  in  Figures  4-5  and  4-5, 
illustrated  the  temperature  dependence  of  this  parameter. 

4 • 2  PHYSICAL  CHARACTERIZATIONS 

\ 

Physical  characterizations  of  two  devices  of  each  part  type  were  performed 
to  determine  the  construction  methods,  manufacturing  process  techniques, 
materials  and  detail  device  schematics.  The  devices  were  subjected  to  detailed 
optical,  SEM  and  radiographic  examinations,  energy  dispersive  x-ray  analysis, 
angle  sectioning  and  bond  pull  testing.  A  summary  of  the  major  construction 
features  for  the  AM9130  and  AM9140  are  shown  in  Table  4-7.  The  detailed  results 
of  these  analyses  are  provided  in  Appendix  A. 

The  results  of  physical  characterizations  showed  the  following:  a)  an 
uneven  eutectic  coverage  beneath  the  die  of  all  the  devices  examined, 

b)  identical  diffusion/oxide  masks  for  both  the  AM9130  and  AM9140  with  only 
different  metallization  masks  to  achieve  the  required  memory  organization, 

c)  no  material  used  in  the  manufacturing  process  that  would  limit  life  test 
temperatures,  d)  the  observed  test  probe  marks  do  not  compromise  the  device's 
bond  strength,  and  e)  the  detail  circuit  schematics  are  in  agreement  with  the 
initial  draft  of  the  MI L-M- 3851 0/237  logic  diagrams. 

The  coverage  in  the  eutectic  for  one  AM9130  was  approximately  eighty-five 
percent  (85'7.)  but  within  the  specified  requirement  of  fifty  percent  (50.)  die 
attach  coverage  per  MIl-STD-883,  Method  2010.3.  The  uneven  eutectic  coverage 
will  impede  heat  conduction  from  the  die  to  package  and  result  in  some  devices 
operating  with  higher  junction  temperature  than  others.  A  sample  of  devices 
that  passed  the  stress  tests  as  well  as  all  devices  that  failed  the  stress 
tests  were  examined  radiographically.  These  results  showed  no  relationship 
between  uneven  eutectic  coverage  and  the  occurrence  of  failures  during  the 
1 i fe  tests . 
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TABLE  4-7.  MAJOR  CONSTRUCTION  DETAILS 


PART  NUMBER 


DESCRIPTION 
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6  TRANSISTOR  cell 

Probe  marks  were  noted  on  several  bond  pads  and  AMD  related  that  all 
pads  are  probed  during  die  level  testing  with  the  exception  of  the  Memory 
Status  pad.  A  bond  pull  test  was  performed  to  determine  if  bonding  over  probe 
mark  sites  would  result  in  inadequate  bond  strength.  All  bonds  passed  the 
Mil -STD-883,  Method  2011.2  bond  pull  requirement  of  1.7  grams  for  a  1.1  mil 
aluminum  wire.  Do  bond  wire  lifted  from  the  bond  pad. 

RADC  performed  Gas  Mass  Spectometer  (GMS)  analysis  of  four  devices  to 
determine  the  package  atmosphere.  The  percentage  of  all  constituents  identi¬ 
fied  in  GMS  analysis  are  presented  in  Appendix  A,  Table  A4. 


4.3  Rl 1  1 ABI I  ilV  CHAR ACT!  HI /AT I ONS 

Reliability  cha1ar.teri7al.ions  of  each  device  type  were  performed  to 
('‘iabli'.h  Hie  electrical  and  environmental  conditions  to  be  used  in  subsequent 
stress  tests,  lhe  selected  test,  conditions  must  provide  adequate  stressing  of 
ant  1c  ige.rd  failure  mechanisms  without  inducing  failure  modes  that  are  not 
1  yp’f.ii!  under  normal  operating  conditions.  For  this  study  both  static  and 
dynamic  excitations  were  used  to  stress  the  memory  devices.  The  failure 
mechanisms  for  the  AM9130  and  AM9140  were  expected  to  be  similar  to  other  NMOS 
iSl  devices  such  as  surface  instability  and  dielectric  breakdown.  Therefore, 
the  charge  migration  mechanisms  woulH  be  accelerated  by  the  static  excitation 
1  as  cirr. mm.'  ami  mechanical  mechanisms  such  as  dielectric  breakdown  in  the 
se.imy  cel  l  matrix  would  be  accelerated  by  the  dynamic  excitation  bias  circuits, 
mr •>.<■  1  1  type  of  failure  mechanisms  were  expected,  the  requirements  for  the 

s'  program  included  both  static  and  dynamic  excitations. 

".3.1  Selection  of  Static  Ixcitation  Test  Conditions  -  The  effectiveness  of 
'ho  reliability  characterization  is  based  primarily  upon  the  choice  of  accele- 
<•  if  trig  stresses.  A  major  part  of  this  program  was  devoted  to  the  selection  of 
sm table  combinations  of  electrical  and  thermal  stresses  for  the  accelerated 
'  tostirig.  The  major  considerations  in  defining  the  static  excitation  bias 


circuits  were:  a)  device  operational  modes,  b)  input  address  selection,  and 
c)  output  load  conditions.  In  addition,  the  candidate  static  bias  circuits 
were  required  to  meet  the  following  criteria: 


a)  maintain  maximum  rated  voltage  across  the  device  to  provide  maximum 
acceleration  of  surface  effect  failure  mechanisms, 

b)  maintain  t he  device  current  at  a  controlled  low  level  to  minimize 
failures  due  to  thermal  runaway  and  electromigration,  and 

c)  maintain  a  consistent  set  of  output  voltage  conditions  over  the 
temperature  range. 

lo  establish  .1  ((insistent  set  o<  internal  memory  stress  conditions,  it 
is  necessary  to  clock  the  data  and  control  signals  into  the  test  device. 
However,  this  approach  would  not  provide  a  valid  comparison  ot  static  and 
dynamic  excitations.  Iherefore,  "fully  static"  configurations  were  used  tor 
tins  program  and  random  data  was  stored  in  the  device  memory  each  time  power 
was  initially  applied  to  the  device. 

A  study  ot  the  device  logic  diagrams  and  schematics  provided  the  possible 
operational  modes  available,  these  included  the:  a)  read  mode,  b)  write 
mode,  c)  high  output  impedance  mode,  and  d)  precliarge  mode.  The  truth  tables 
tor  the  AMdl.U)  and  AM‘>140  to  place  the  IHH  into  each  of  these  operational 
modes  are  shown  in  lables  4-8  and  4-*),  respectively.  Ihe  read,  write  and  high 
output  impedance  modes  were  the  only  operational  modes  included  tor  static 
excitation  bias  circuits.  Ihe  precharge  mode  was  not  considered  because  the 
nit  puts  were  in  an  indetenninite  state,  i.e.,  the  previous  state  of  the  data 
out  [Mil  or  the  high  impedance  slate. 

The  device  address  inputs  may  be  selected  from  one  of  HK’4  combinations 
for  the  AM*.)  130  and  one  of  40*1(1  combinations  for  t  lie  AM'1140.  Since  the  data 
stored  into  the  DIM  memory  is  random  and  unpredictable,  input  addresses  with 
both  positive  and  zero  volts  applied  to  the  gate  are  acceptable.  It  is 
expected  licit  the  positive  voltage  across  the  gale  oxides  would  accelerate  the 
U-channel  transistor  (allures  due  to  eat  ion  eont ami nat  ion  in  the  gate  oxide. 


TABLE  4-8.  AM9130  TRUTH  TABLE 


Operation 

Inputs 

R/W  CS  Add  CE  0[  OD 

Outputs 

1/01  -  1/04 

1 .  Chip  Not  Selected 

X  H  X 

H  X  X 

HI  Z 

2.  Write  "L"  in  Cell  Ayy 

l  L  A  H  L  X 
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3.  Write  “H"  in  Cel  1 
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i.  Cl  low-Chip  Precharge 
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l  X  X 

Previous  00  if 

OE  *  H  and 

OD  »  L  or 
else  H1Z 

NOUS: 

1.  Data-out  is  the  same  as  the  original  data-in. 

i.  Cf  is  a  clocking  pulse  and  the  “H"  represents  the  first  part  of  the  cycle  (UP  level) 
and  "l"  represents  the  second  part  (DOWN  level). 

3.  X's  are  "Don't  Cares”. 

4.  A>y  denotes  proper  address  logic  to  address  cell  A 


TABLE  4-9.  AM9140  TRUTH  TABLE 
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Output  s 

Operation 
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The  zero  volts  on  the  gate  would  bias  the  transistor  off  and  accelerate 
failures  due  to  contamination  in/on  the  passivation.  Previous  preliminary 
static  bias  evaluations  were  performed  for  the  AM9140  device  during  the 
Reliability  Evaluation  and  Electrical  Characterization  of  Memories  Program. 

These  results  showed  that  there  was  negligible  difference  in  the  device 
operating  current  for  the  various  address  inputs  selected.  The  input  address 
conditions  included:  a)  all  addresses  high,  b)  all  addresses  low  and  c)  half 
the  addresses  high  and  half  the  addresses  low.  Based  upon  these  results  it 
was  decided  to  bias  half  the  addresses  high  and  half  the  addresses  low  during 
static  bias  evaluations. 

The  output  load  conditions  are  dependent  upon  the  OUT  output  state. 

Since  the  output  states  are  random  and  unpredictabl e,  the  output  load  should 
include  both  pull  up  and  pull  down  resistors.  However,  the  output  load 
current  will  not  significantly  increase  the  junction  temperature  of  the  output 
transistors.  The  rated  output  load  current  (1^.)  is  3.2  mAdc  with  a  0.4  Vdc 
maximum  output  low  (VqL)  voltage.  The  maximum  power  dissipated  in  the 
device  output  transistor  is  1.28  mW.  Consideration  was  also  given  to  the  use 
of  an  output  load  to  accelerate  electron  injection.  However,  the  accelerating 
conditions  for  electron  injection  are  low  temperature,  high  voltage  and  high 
channel  current  [2].  In  addition,  the  AM9130  uses  a  single  Input/Output  (I/O) 
pin  for  writing  and  reading  data.  During  a  static  excitation  write  mode,  the 
I/O  acts  as  an  input  pin.  When  the  AM91 30  device  is  in  the  high  output  impedance 
or  "OFF"  state,  the  output  resistor  load  has  negligible  effect  on  the  OUT  output 
circuitry.  Similar  output  conditions  exist  for  the  AM9140  device.  Therefore, 
all  static  excitation  bias  circuits  included  no  output  load. 

4.3.2  Static  Excitation  Circuit  Evaluations  -  Using  the  major  considerations 
identified  in  Section  4.3.1,  three  static  excitation  bias  circuits  were 
evaluated.  Figure  4-7  illustrates  the  three  static  bias  configurations  for 
the  AM9130.  The  AM9130  device  was  biased  in  the  read,  write  and  high  output 
impedance  modes  with  half  the  addresses  high  and  half  the  addresses  low  and  no 
output  load.  The  results  of  evaluating  the  AM91 30  device  in  these  circuits 
over  the  etmperature  range  from  125°C  through  250°C  indicated  no  appreciable 


difference  among  the  three  configurations.  The  device  voltage  during 
these  tests  was  maintained  at  7.0  Vdc.  A  typical  plot  of  device  current 
as  a  function  of  ambient  temperature  for  the  read  mode  is  shown  in  Figure  4-8. 
For  all  three  circuit  conf igurations  there  was  less  than  2  mAdc  difference 
between  the  values  in  each  circuit  over  the  evaluation  temperature 
range.  The  write  mode  static  circuit  currents  were  approximately  2  mAdc 
higher,  but  this  difference  is  not  considered  important. 

The  bias  evaluation  results  showed  that  at  22bi'C,  the  outputs  that  were 
monitored  either  had  changed  state  or  were  on  the  verge  of  changing  state.  At 
2b0°C,  all  outputs  had  switched  to  a  complementary  state.  Therefore,  the 
maximum  temperature  at  which  the  device  could  be  properly  operated  for  all 
conf igurat ions  was  200°C.  The  read  mode  circuit  was  selected  for  further 
step-stress  testing  because  with  the  devices  outputs  enabled,  it  permits 
monitoring  of  the  output  pins  for  changes  in  internal  operating  states. 

The  AM9140  device  static  excitation  bias  circuits  are  shown  in  Figure  4-9. 
These  circuits  are  similar  to  the  AM9130  configurations  which  included  read, 
write  and  high  output  impedance  modes  with  half  the  addresses  high  and  half 
the  addresses  low  with  no  output  load.  The  results  showed  no  appreciable 
difference  for  the  three  coni igurations.  The  operating  temperature  range  was 
from  1 2b u C.  through  2bO"C  with  the  device  V^.  voltage  maintained  at  7.0  Vdc. 
Figure  4-10  shows  a  typical  plot  of  device  current  as  a  function  of  ambient 
temperature  for  the  read  mode.  The  three  circuit  configurations  showed  less 
than  J  mAdc  difference  between  the  1  values  in  each  circuit  over  the 
evaluation  temperature  range.  This  minimal  difference  was  not  considered 
important  in  the  selection  of  the  step-stress  circuit.  For  all  conf igurat ions 
the  monitored  outputs  had  changed  states  or  were  on  the  verge  of  changing 
states  at  22b°C.  At  2bO°C,  the  output  had  switched  to  a  complementary  state. 
Therefore,  the  test  device  could  he  properly  operated  at  a  maximum  temperature 
of  iWl.  The  read  circuit  was  selected  for  step-stress  testing.  The  advan¬ 
tage  of  this  circuit  is  that  with  the  output  enabled  the  device  can  be  moni¬ 
tored  tor  changes  in  internal  operating  states. 
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FIGURE  4-9.  AM9140  CANDIDATE  STATIC  EXCITATION  BIAS  CIROUI 
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FIGURE  4-10.  TYPICAL  AM9140  STATIC  EXCITATION  BIAS  CIRCUIT  LVAI  CAT  ION 


The  manufacturer' s  static  burn-in  circuits  for  both  device  types  are 
shown  in  Figure  4-11.  Static  bias  circuit  evaluations  of  these  circuits  at 
Vcc  of  7.0  Vdc  for  the  AM9130  and  AM9140  indicated  similar  results  to  the 
circuits  of  Figure  4-7  and  4-9.  Device  output  switching  occurred  at  22 5°C 
with  device  currents  within  3  mAdc  of  the  MDAC-St.  Louis  conf igurations. 
However,  these  conf igurations  were  not  selected  because  the  address  inputs 
selected  did  not  include  zero  volts  on  the  gate  to  accelerate  failures  due  to 
contamination  in/on  the  passivation. 

4.3.3  Selection  of  Dynamic  Excitation  Test  Conditions  -  The  dynamic  excitation 
bias  evaluations  provide  electrical  stress  conditions  that  are  similar  to  the 
device  usage  conditions.  This  is  the  main  criteria  in  designing  dynamic  life 
test  circuits.  Other  major  considerations  in  establishing  the  dynamic  excita¬ 
tion  bias  circuits  were:  a)  device  operational  modes,  b)  data  pattern  selec¬ 
tion,  c)  output  load  conditions,  and  d)  operating  frequency.  In  addition,  the 
candidate  static  bias  circuits  were  required  to  meet  the  following  criteria: 

a)  maintain  maximum  rated  voltage  across  the  device  to  provide  maximum 
acceleration  of  surface  effect  failure  mechanisms, 

b)  maintain  the  device  current  at  a  controlled  low  level  to  minimize 
failures  due  to  thermal  runaway  and  electromigration,  and 

c)  maintain  a  consistent  set  of  internal  memory  stress  conditions  over 
the  temperature  range. 

The  three  different  dynamic  operating  modes  are  the  read,  write  and 
read/modify/write  (R/M/W)  modes.  The  device  timing  diagrams  for  these  modes 
are  included  in  Appendix  8.  The  possible  modes  for  dynamic  evaluations  are 
the  read/write,  continuous  read,  continuous  write,  and  read/modi fy/wri te 
modes.  Combinations  of  the  read  cycle  followed  by  a  succession  of  write 
cycles  and  vice  versa  were  not  considered.  Since  the  data  retrieval  and 
storage  for  a  read/write  cycle  operates  at  a  slower  frequency,  the  read/modify/ 
write  cycle  (read  and  write  during  the  same  cycle)  was  selected.  In  addition, 
the  effects  of  continuous  read  cycles  and  continuous  write  cycles  were  also 
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evaluated.  Prior  to  performing  continuous  read  cycles,  the  selected  data 
pattern  was  written  into  all  memory  cells.  This  operating  cycle  was  intended 
to  stress  the  sense  amplifier  circuitry.  During  the  continuous  write  cycles, 
it  was  intended  to  stress  the  write  amplifier  circuitry  and  observe  the 
effects. 

o  3/2 

N“" ,  N  '  and  N  type  data  patterns  were  considered  for  high  tempera¬ 
ture  device  operations.  Proper  pattern  selection  is  necessary  in  establishing 
the  worst  case  stress  on  the  test  device.  However,  to  accelerate  the  randan 
defect  failures  it  was  necessary  for  the  data  pattern  to  write  the  same  data 
in  each  memory  location.  With  this  approach  the  identical  stress  levels  are 
placed  on  each  active  element  every  time  data  is  written/read  from  the  DUT 
memory.  If  these  stresses  cause  the  charges  on  a  particular  transistor  to 
move  toward  the  Si-SiU,  interface,  uhseguent  cycles  reinforce  this  effect. 
Hence,  using  this  groundrule  both  !,  and  IT5,  patterns  were  not  implemen¬ 
ted.  Many  H  type  patterns  met  this  criteria  hut  the  patterns  were  limited  to: 
a)  all  "l's"  in  the  entire  memory,  b)  all  "0's"  in  the  entire  memory  and  c)  an 
field  of  alternating  "l's"  and  "0‘s"  (CHI.ChLRBOARll) .  Other  data  patterns  with 
both  "l's"  and  "0‘s"  combinations  are  available  but  the  checkerboard  pattern 
is  the  only  pattern  that  provided  the  effects  of  complementary  data  in  adjacent 
cell  locations.  It  is  also  essential  that  "topoyicaly  pure"  patterns  based  on 
the  correct  bit  map  and  proper  address  sequence  be  used  for  dynamic  bias 
eva 1  nations . 

lor  dynamic  excitation  test  conditions  a  suitable  output  device  load 
is  necessary  to  simulate  part  usage  in  system  applications.  Typical  applica¬ 
tions  show  the  data  outputs  of  a  memory  device  driving  the  data  bus  of  a 
microprocessor.  Since  the  output  load  of  the  AN‘1130  and  AM9140  is  MOS,  a 
capacitive  load  is  satisfactory  tor  character  i/ations  and  stress  testing.  The 
output  load  used  for  dynamic  bias  evaluations  was  a  30  pi  load. 
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The  final  consideration  for  the  dynamic  bias  circuits  was  the  device 
operating  frequency.  A  literature  search  produced  no  information  concerning 
the  effects  of  the  device  frequency  in  conducting  an  accelerated  life  test. 

The  MDAC-St.  Louis  designed  dynamic  driver  circuit  operated  both  part  types  at 
near  the  maximum  operating  frequency. 

4.3.4  Dynamic  Excitation  Circuit  Evaluations 

Three  dynamic  excitation  bias  circuits  (continuous  read,  continuous  write 
and  read/modify/write  modes)  were  evaluated  using  the  considerations  and 
criteria  of  Section  4.3.3.  The  AM9130  circuit  and  timing  diagrams  for  the 
read/modify/write  mode  are  shown  in  Figure  4-12.  For  the  continuous  read 
mode,  the  Write  Enable  (WE)  signal  is  switched  to  a  high  state  for  the  total 
cycle  time  after  the  power  up  sequence  with  the  proper  pattern  written  into 
the  memory.  For  the  continuous  write  mode,  the  WE  signal  is  switched  to  a  low 
state  for  the  total  cycle  time  immediately  after  the  power  up  sequence.  The 
three  dynamic  bias  circuits  were  operated  in  the  temperature  range  of  125°C  to 
230°C  with  a  CHECKERBOARD  pattern.  Initially,  the  device  supply  voltage  was 
5.5  Vdc,  but  between  212°C  and  230°C,  the  supply  voltage  was  varied  between 
5.5  Vdc  and  7.0  Vdc.  This  was  done  to  observe  changes  in  device  operation  at 
the  same  voltage  as  the  static  bias  evaluations.  The  AM9130  device  showed  no 
appreciable  difference  in  device  currents  among  the  three  dynamic  configura¬ 
tions.  Figure  4-13  shows  a  typical  plot  of  device  1^  current  as  a  function 
of  ambient  temperature.  There  was  less  than  1  mAdc  difference  in  Icc 
current  among  the  three  configurations.  The  difference  in  device  current 
between  the  static  and  dynamic  excitations  bias  evaluation  was  also  negligible 
(<1  mAdc).  The  AM9130  device  was  functional  at  211°C  but  nonfunctional  at 
225°C  and  was  not  affected  by  the  supply  voltage  changes.  This  was  similar  to 
AM9130  static  bias  evaluations  which  switched  in  the  same  range  of  ambient 
temperatures.  The  AM9130  device  performed  suitably  in  all  three  modes  and  all 
the  circuits  were  acceptable  for  step-stress  testing.  The  AM9130  timing 
waveforms  at  25°C,  200°C  and  230°C  for  the  R/M/W ,  continuous  read  and  contin¬ 
uous  write  modes,  are  shown  in  Figure  4-14.  The  waveforms  show  that  the  I/O 
signals  are  stable  at  200°C  for  all  modes,  but  were  unstable  and  non¬ 
functional  at  230°C.  Based  on  preliminary  evaluations  all  dynamic  bias 
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FIGURE  4-12.  AM9130  CANDIDATE  DYNAMIC  EXCITATION  BIAS  CIRCUIT 
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Icc  VS.  Ta  plot,  typical  tor  the  three 
DYNAMIC  8IAS  CIRCUITS. 


FIGURE  4-13.  TYPICAL  AM9130  DYNAMIC  EXCITATION  BIAS  CIRCUIT  EVALUATION 


circuits  performed  satisfactorily.  The  R/M/W  configuration  was  selected  for 
stop  stress  testing  because  it  exercises  all  functions  of  the  devices  and  best 
simulates  device  usage  in  system  applications. 

The  AM9140  circuit  and  timing  diagrams  for  the  read/modify/write  cycle 
are  shown  in  figure  4-15.  The  timing  is  similar  to  the  AM9130.  The  two 
other  dynamic  nodes  included  the  continuous  read  and  continuous  write  modes 
drift  arc  controlled  by  the  Wt  signal.  The  AM9140  dynamic  bias  circuits  were 
ope i a  ted  fi ou  1?5°C  to  230°C  with  a  checkerboard  pattern.  The  device  supply 
vo i 1  age  bias  was  varied  from  5.5  Vdc  to  7.0  Vdc.  Figure  4-16  shows  a  typical 
plot  of  the  !..f  current  as  a  function  of  ambient  temperature.  The  change  in 
device  cur  rent  lor  the  three  bias  configurations  was  negligible  and  the 
results  were  also  comparable  to  the  static  bias  evaluations.  The  AM9140 
timing  waveforms  at  elevated  temperature  for  the  R/M/W,  continuous  read  and 
continuous  write  modes  are  shown  in  figure  4-17.  The  Data  Out  signals  were 
unstabli  22 5CC  and  the  device  was  non  functional  at  230"C.  All  three 

clyndmit  bias  circuits  wore  acceptable  for  step-stress  testing,  however,  the 
R/M/W  mode  bias  circuit  was  selected  because  the  device  exercises  all 
fun.  lion',  and  best  simulates  usage  conditions. 

4.3.5  Step-Stress  Tests  -  Step-stress  tests  were  performed  to  validate  the 
resuHs  of  static  and  dynamic  bias  evaluations  of  the  selected  circuits  and  to 
obtain  device  failure  data  for  determination  of  life  test  conditions.  For 
each  part  type,  step- stress  testing  was  conducted  on  four  devices  with  static 
excitation  and  four  devices  with  dynamic  excitation.  The  test  devices  were 
operated  in  the  static  and  dynamic  bias  configurations  at  125°C  for  16  hours. 
During  step-stress  testing,  the  device  current  and  output  voltage  were  monitored 
prior  to  1  he  start  and  end  of  each  step.  Following  cool  down  with  bias,  the 
device:-,  were  electrically  tested  arid  surviving  devices  were  returned  to  test. 

The  test  temperature  was  then  increased  by  25°C  and  the  sequence  was  repeated. 
The  maximum  temperature  for  both  step- stress  tests  was  determined  by  the 
criteria  established  in  Sections  4.3.1  and  4.3.3.  The  AM9130  and  AM9140  were 
operated  to  a  maximum  temperature  of  2?5l’C.  Summaries  of  the  AM9130  and 
AM9140  static  and  dynamic  step-stress  tests  are  presented  in  Tables  4-10  and 
4-11,  respectively.  The  static  step-stress  tests  showed  that  all  device 
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outputs  switched  or  were  on  the  verge  of  switching  at  22b°C.  The  dynamic 
step-stress  tests  indicated  that  the  devices  were  nonfunctional  or  unstable  .1; 
225°C.  There  were  no  step- stress  test  failures.  A  review  of  the  dc  and 
functional  test  data  for  both  part  types  indicated  negligible  parameter 
degradation.  The  dc  parameters  which  were  expected  to  degrade  were  the  supply 
currents  and  output  voltages.  The  ac  parameter  used  to  observe  device  degrada¬ 
tion  was  the  chip  enable  access  times. 

4.3.6  Junction  Temperature  Determinations  -  After  completion  of  the  bias 
circuit  evaluations  and  step-stress  tests,  the  maximum  junction  temperatures 
during  life  testing  were  determined  for  both  part  types.  The  temperature 
dependence  of  a  substrate  diode  forward  voltage  was  used  to  determine  the 
device  junction  temperatures.  A  MDAC-St.  Louis  thermal  resistance  tester  was 
used  to  make  the  substrate  diode  forward  voltage  measurements.  The  tester  is 
designed  to  establish  the  OUT  life  test  conditions  for  99.9*.  of  the  time  and 
forward  biases  the  substrate  diode  for  1  msec.  The  largest  difference  between 
the  junction  and  ambient  temperatures  for  bot  ti  part  types  was  l."  C. 


4.3.7  Device  Current  Density  -  Current  density  determinations  were  required 
to  assure  that  device  currents  were  not  excessive  for  life  test  conditions. 
At  the  maximum  bias  evaluation  temperature  the  calculated  current  densities 
were  3.2  X  It/  A/cm^  for  the  AM9130  and  2.3  X  10^  A/ cm*  for  the  AM9140. 

At  room  temperature,  the  device  current  density  was  3.6  X  10^  A/cm' . 
based  on  black's  data  L 3 J ,  no  metal  migration  failures  were  expected  in  4DDD 
hours  of  life  testing  at  200"C  for  the  AM9130  and  AM'U  40. 


4.3.8  Rationale  for  Life  Test  Conditions  -  The  three  static  bias  circuits  for 
both  device  types  evaluated  were  equally  suitable  for  static  bias  life  testing 
based  on  their  performance  at  elevated  temperatures.  The  read  mode  bias 
circuits,  shown  in  Figures  4-7  and  4-9,  with  the  outputs  enabled,  permit, 
monitoring  of  the  output  pins  for  changes  in  internal  device  operating  states 
and  were  selected  for  the  life  tests.  The  other  two  circuits  do  not  permit 
monitoring  of  the  output  data  for  the  address  selected.  Similarly,  the  three 
dynamic  bias  circuits  for  both  device  types  were  suitable  for  life  testing. 


The  read/modi fy/wri te  mode  was  selected  for  life  testing  because  it.  e/er  c  i 
dll  functions  of  the  devices  and  simulates  usage  conditions.  A  cher.fffho.ifd 
data  pattern  was  selected  because  it  would  stress  half  the  cells  in  the-  high 
state  and  half  in  the  low  state  with  adjacent  cells  in  complementary  slates. 
The  same  state  is  always  stored  in  a  given  memory  cell. 

The  temperatures  selected  for  the  operating  life  tests  were  200't  and 
175°C.  During  the  static  bias  circuit  evaluations  and  step-stress  tests, 
the  outputs  of  both  device  types  were  in  a  high  state  and  stable  at  ambient 
temperatures  up  to  200°C.  However,  at  225°C  the  outputs  were  either  switched 
or  on  the  verge  of  switching  to  a  low  state.  The  supply  currents  were  also 
increasing  with  temperature  in  this  temperature  range  (200°C  to  225”C)  hut 
were  not  excessive.  Similarly,  both  device  types  remained  functional  in  the 
dynamic  bias  evaluations  and  step-stress  tests  at  200°C  but  were  unstable  and 
erratic  at  225°C.  Therefore,  the  maximum  life  test  temperature  of  200°C  was 
established  for  both  static  and  dynamic  excitations. 


The  supply  voltage  selected  for  both  the  static  and  dynamic  life  tests 
was  b.5  Vde.  During  bias  circuit  evaluations  both  device  types  were  operated 
at  /.0  Vdc  in  both  the  static  and  dynamic  configurations  at  2 00 ° C .  During  ttu 


subsequent  life  tests,  with  the  individual  DUT  V^  voltage  variations, 
an  average  of  0.5  Vdc  on  the  devices  ensured  that  no  devices  would  exceed 


7.0  Vdc,  the  absolute  maximum  device  rating. 
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5.0  RESULTS  OF  PHASE  III  STRESS  TESTS 


The  Phase  Ill  stress  tests  included  a  matrix  of  temperature  cycling,  high 
temperature  operating  (static  and  dynamic  excitation)  and  high  temperature 
non-operating  storage  life  tests.  The  interim  electrical  measurement  sched¬ 
ules  are  shown  in  the  previous  Tables  2-1  through  2-3. 

5 . 1  JE MP L R ATURE  CYCLING  Tl_S  1  Ri  SUETS 

The  temperature  cycling  tests  were  performed  to  the  requirements  of 
MlL-ST0-;iH3 ,  Method  1010.2,  Condition  C  (-b5°C  to  +15U°C)  for  200  cycles.  The 
temperature  cycling  tests  for  both  device  types  were  performed  in  a  non¬ 
operating  mode  to  reveal  potential  package  and  bond  weakness  as  well  as 
corrosion  mechanisms  due  to  moisture  in  the  device  package.  A  summary  of  the 
temperature  cycling  test  results  are  presented  in  Table  5-1.  There  were 
no  temperature  cycling  test  failures  for  the  >,o!30  and  the  AMlU40.  following 
temperature  cycling  tests  all  devne..  were  subjected  to  an  external  visual 
examination  and  hormet  icily  test  s.  )  fit'  results  of  these  inspections  and  tests 
are  summarised  in  Table  5-2.  A  dark  stain  was  observed  on  the  inside  of  the 
leads  at  the  bra/e  material  .is  shown  in  figure  5-1.  31 M  examination  of  the 

stain  site  disclosed  that  the  gold  plating  had  been  nicked  by  a  sharp  edge  as 
shown  in  figure  3-2.  Energy  dispersive  x-ray  analysis  of  the  dark  material 
surrounding  the  nick  disclosed  that  it  war.  composed  of  a)  copper,  silver,  and 
molybdenum  (lead  bra/e),  h)  nickel  and  cobalt  (lead  base  metals),  c)  gold 
(plating),  d)  aluminum  (background),  and  e)  chlorine  (a  contaminant)  as  shown 
in  figure  3-3.  Ilns  indicated  that  the  mateiial  was  scrapings  ot  debris  from 
the  nick.  Ihe  source  of  the  chlorine  is  unknown,  but  probably  came  from  a 
contaminant  chemical  residue.  Since  chlorine  is  corrosive  it  probably  caused 
the  scrapings  to  decompose  giving  it  the  blackened  appearance.  Since  the 
chlorine  could  corrode  the  lead  bsv  metal  exposed  by  the  nicks  a  potential 
problem  exists.  However,  no  del  cr  Gnat  io  i  o-'  t  no  leads  oCt.  ut  red  during  the 
temperature  cycling  tesis. 


■If 
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TABLE  5-1.  SUMMARY  OF  TEMPERATURE  CYCLING  TEST  RESULTS 


PAR T  TYPE 

QTY 

CUMULATIVE  NUMBER  OF 

FAILURES  AT  CYCLES  OF  TEST 

0 

TO 

50 

TOO 

150 

200 

AM91 30 

TO 

0 

0 

0 

0 

0 

n 

AM9140 

10 

0 

0 

0 

0 

0 

■ 

TABLE  5-2.  POST  TEMPERATURE  CYCLING  INSPECTION  AND  TESTS 


EXTERNAL  VISUAL 

HER.’  IE  T I C I  TV  TESTS  ] 

PART  TYPE 

QTY 

Marking 

Cass  lead 
Seals  A 

FINE  LEAK 

GROSS  LEAK 

Pass  Fail 

Pass  Fall 

Pass  Fall 

Pass  Fall 

AM9130 

10 

TO  0 

10  0 

10  0 

am 

AM9140 

TO 

TO  0 

10  0 

10  0 

m 

NOTE: 

A  BLACK  COMPOUND  AT  BRAZE  OF  PACKAGE  LEADS. 
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5.2  OPERATING  AND  NON-OPERATING  LIFE  TEST  RESULTS 


The  operating  life  tests  were  performed  with  both  static  and  dynamic 
excitation  to  compare  their  relative  effectiveness  for  accelerating  LSI 
memories  failures.  The  AM9130  and  AM9140  life  tests  with  both  static  and 
dynamic  excitations  were  conducted  with  15  devices  in  each  test  cell  at:  a) 
200°C  for  4000  hours,  and  b)  175°C  for  4000  hours.  A  summary  of  the  test 
devices'  life  test  conditions  is  presented  in  Table  5-3. 

The  AM9130  life  test  results  for  cumulative  25°C  failures  are  shown  in 
Table  5-4.  Table  5-5  presents  the  number  of  -55°C/125°C  failures  at  the 
electrical  measurement  points.  The  total  percentage  of  AM91 30  life  test 
(operating  and  non-operating)  failures  for  all  three  temperatures  was  approxi¬ 
mately  ll".  Table  5-6  shows  the  AM9140  life  test  results  with  cumulative 
failures  at  25°C.  Table  5-7  shows  the  number  of  AM9140  -55°C/125°C  failures 
at  each  measurement  point.  The  total  percentage  of  life  test  (operating  and 
non-operating)  failures  for  all  three  temperatures  was  approximately  14  . 

The  non-operating  or  storage  life  tests  were  performed  to  evaluate  the 
test  devices'  long  term  process  stability  and  mechanical  reliability.  Although 
a  200°C  storage  life  test  would  permit  a  direct  comparison  between  the 
non-operating  storage  and  operating  life  tests,  it  was  anticipated  based  on 
previous  test  experience  that  few  failures  would  occur  in  this  environment. 
Since  the  maximum  acceleration  will  occur  at  the  maximum  temperature  permis¬ 
sible,  the  non-operat ing  life  tests  were  conducted  at  275°C.  Tables  5-4  and 
5-6  present  a  summary  of  the  AM9130  and  AM9140  life  test  results.  There  were 
no  storage  life  test  failures. 


: Alii  l  b  J.  SUMMARY  OF  LIFE  TEST  CONDITIONS 
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DYNAMIC 
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388.00 
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STATIC 

200 

6.49 
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321.26 
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static 

175 

6.50 

51.00 

331.50 

185 

DYNAMIC 

200 

6.49 

57.16 

370.97 

211 

DYNAMIC 

175 

6.51 

56.48 

367.68 

186 

6.0  FAILURE  ANALYSIS 


All  devices  that  failed  high  temperature  stress  (operating)  tests  were 
subjected  to  failure  analysis.  The  failed  devices  were  analyzed  to  determine 
failure  mode,  failure  mechanism  and  probable  cause  of  failure.  Table  6-1 
presents  a  summary  of  the  failure  analysis  results  for  the  AM9 1 30  and  AM9140 
for  25°C,  125°C  and  -55°C  electrical  measurement  failures.  Detailed  discus¬ 
sions  of  the  failure  analysis  results  are  contained  in  Appendix  D. 


TABLE  6-1.  AM9130  AND  AM9140  FAILURE  ANALYSIS  SLKXARY 


7.0  DATA  EVALUATIONS  AND  CORRELATIONS 


7.1  AM9130  DATA  ANALYSIS 


There  were  insufficient  test  failures  to  allow  failure  distribution 
analysis.  Table  5-4  and  Table  5-5  show  that  there  were  eight  device  failures. 
Seven  failures  were  attributed  to  marginal  I CC30  currents  Pri°r  to  the  start 
of  life  tests.  These  devices  failed  Iq^q  measurements  at  -55°C.  Since  the 
failure  data  is  inadequate  for  failure  distribution  analysis,  the  dc  and 
functional  data  was  investigated  for  trends  that  would  allow  extrapolation  of 
times  to  failure.  The  stress  test  data  summaries  which  included  parameter 
mean  and  standard  deviations  tabulations  for  0  hour  and  4000  hour  data  at  25’C 
and  125'C  are  contained  in  Appendix  C.  This  includes  test  data  for  input/out¬ 
put  leakages,  supply  current,  output  voltages  and  access  times.  With  the 
exception  of  the  supply  current,  I^,  all  device  parameters  have  worst  case 
values  at  the  maximum  measurement  temperature  ( 1 25°C ) .  The  worst  case  supply 
current  occurs  at  -55"C.  The  input/output  leakages  and  supply  current  worst 
case  values  are  at  maximum  V^  voltage  (5.5  Vdc)  but  worst  case  output  voltage 
and  access  times  occur  at  the  minimum  V ^  voltage  (4.5  Vdc).  All  test  data 
was  reviewed  and  the  device  parameters  exhibited  excellent  stabilities  during 
the  4000  hour  life  test.  No  trend  was  observed  and  an  increase  of  6  mAdc  for 
supply  current  was  noted  at  the  504  hour  electrical  measurement  point.  This 
was  attributed  to  a  recal ibration  of  the  automatic  test  system  and  was  verified 
by  an  identical  shift  in  data  for  the  control  sample.  The  shift  in  dc  para¬ 
metric  data  for  all  AM9130  4000  hour  life  tests  was  negligible.  It  was  expected 
that  the  chip  enable  access  time  would  be  the  indicator  of  device  aging.  There¬ 
fore,  the  chip  enable  access  times  for  the  200"C  and  175' C  life  test  cells 
were  plot  ted  as  a  function  of  the  electrical  measurement  time  and  are  shown  in 
Figures  7-1  and  7-2.  This  worst  case  values  of  access  time  were  the  computed 
mean  plus  3  sigma  values  for  a  MARCH  R/M/W  pattern  at  V ^  4.5  Vdc  and  I25"C. 

The  yraphs  indicated  negligible  access  time  degradation.  With  no  data  trend 
the  interpolated  time  to  failure  ( t , (q  )  -  50(1  nS)  could  not  be  estimated.  In 
addition,  the  static  and  dynamic  excitations  and  life  test  temperature  and 
overvoltage  stress  conditions  had  a  negligible  effect  on  device  operation.  The 
data  did  not  allow  extrapolat ion  of  times  to  failures  for  any  AM9130  static  and 
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dynamic  test  cells.  In  order  to  investigate  device  access  time  degradation 
as  a  function  of  voltage,  one  of  the  devices  for  which  an  initial  shmoo 
was  generated  was  placed  on  dynamic  life  test  for  4000  hours.  Shmoo  plots, 
as  shown  In  Figure  7-3,  for  both  0  hours  and  4000  hours  at  25°C  indicated 
minimal  degradation  as  a  function  of  VCq  voltage.  Considering  the  severity 
of  the  stress  test  conditions  the  lack  of  test  induced  failures  or  parameter 
degradation  trends  indicates  the  device  should  have  a  high  reliability 
potential. 

The  AM9130  life  test  data  for  functional  tests  was  analyzed  to  determine 

the  relative  effectiveness  of  the  GALDIA  (N2),  MARCH  (N) ,  and  CHECKERBOARD  (N) 

patterns.  The  criteria  used  to  judge  pattern  effectiveness  was  the  ability  of 

the  pattern  to  detect  life  test  failures.  A  summary  of  the  percentage  of 

pre-stress  test  and  life  test  functional  failures  detected  by  each  pattern  is 

shown  in  Table  7-1.  The  N  pattern  was  equally  effective  in  detecting  life 

2 

test  failures  as  the  N  pattern.  However,  with  only  one  life  test  timing 
related  failure  these  results  are  not  considered  conclusive.  During  initial 
electrical  testing,  the  MARCH  pattern  was  most  effective  in  detecting  failed 
devices. 

7.2  AM9140  DATA  ANALYSIS 


There  were  also  insufficient  test  failures  to  allow  failure  distribution 
analysis  of  the  AM9140.  There  were  eight  static  excitation  and  two  dynamic 
excitation  life  test  failures.  One  static  excitation  life  test  failure  was 
due  to  a  degraded  input  caused  by  static  discharge  or  an  electrical  transient. 
The  life  test  data  was  then  analyzed  to  determine  whether  trends  existed  that 
would  allow  extrapolation  of  times  to  failure.  Appendix  C  includes  the  stress 
tests  data  summaries  of  parameter  mean  and  standard  deviation  tabulations  for 
0  hour  and  4000  hour  data.  A  review  of  all  the  test  data  showed  that  the 
AM9140  exhibited  excellent  parameter  stabilities  during  the  4000  hour  life  test 
The  Iq£  anomaly  of  the  AM9130  due  to  an  automated  test  system  recalibration 
was  also  noted  with  the  AM9140.  In  addition,  the  AM9140  dc  tests  showed  neglig 
ible  parameter  shifts  with  no  discernible  trends.  The  functional  test  data  was 
reviewed  and  the  chip  enable  access  times  were  plotted  as  a  function  of  the 
electrical  measurement  time.  Figures  7-4  and  7-5  show  the  worst  case  test  cell 
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TABLE  7-1.  PATTERN  EFFECTIVENESS  SUMMARY 


PRE-STRESS  TEST  FAILURES 
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The  worst  case  values  are  the  computed  mean  plus  3  sigma  values  for  a  MARCH 
R/M/W  pattern  at  =  4.5  Vdc  and  125°C.  The  static  test  cell  data  showed 
limited  access  time  change  with  an  interpolated  time  to  failure  (t^^  -500  nC) 
of  approximately  42,000  hours  at  200°C  for  the  200°C  test  cell  and  57,000  hours 
at  175°C  for  the  175°C  test  cell  based  on  the  2000  hour  and  4000  hour  measure¬ 
ment  points.  In  addition,  a  single  device  which  was  initially  shmoo  plotted 
was  placed  on  dynamic  life  test  for  4000  hours.  Shmoo  plots,  as  shown  in 
Figure  7-6,  for  both  0  hour  and  4000  hours  at  25°C  indicated  minimal  degrada¬ 
tion  as  a  function  of  voltage.  Considering  the  severity  of  the  stress 
test  conditions  the  lack  of  test  induced  failures  indicates  a  high  reliability 
potential . 

Table  7-1  presents  a  summary  of  the  percentage  of  pre-stress  test  and 
life  test  functional  failures  detected  by  the  GALDIA  (frT),  MARCH  (N),  and 
CHECKERBOARD  (N)  patterns.  The  MARCH  pattern  was  as  effective  in  detecting 
functional  life  test  failures  as  the  GALDIA  pattern.  Although  no  pattern 
detected  100  of  the  life  test  failures,  these  results  are  misleading  since 
the  power  down  test  was  not  performed  with  the  GALDIA  and  MARCH  patterns. 

The  results  of  this  test  program  and  the  Reliability  Evaluation  and  Electrical 

2 

Characterization  of  Memories  program  both  indicate  that  the  N  pattern  is  not 
necessary  in  the  MIL -M- 38510/237  Group  A  electrical  tests.  As  was  the  case 
with  the  AM9130  devices,  the  MARCH  pattern  was  most  effective  in  detecting 
failures  during  initial  electrical  testing. 
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8.0  CONCLUSIONS  AND  RECOMMENDATIONS 


This  reliability  program  to  evaluate  the  4K  static  RAMs  procured  to  the 
MIL -M-38510/237  specification  included  both  electrical  and  environmental 
stresses.  These  devices  were  evaluated  as  a  function  of  voltage,  temperature 
and  static  and  dynamic  excitations.  Although  the  AM9130  and  AM9140  indicated 
a  high  reliability  potential,  there  were  insufficient  life  test  failures  (18 
failures  out  of  120  devices  on  operating  life  tests)  to  estimate  device 
failure  rates  based  on  the  Arrhenius  Reaction  Rate  Model.  Previous  LSI 
memories  life  tests  (IK  NMOS  static  RAMs)  conducted  at  MPAC-St .  Louis 
were  operated  at  higher  temperatures  (  >  2S0°C)  and  accelerated  a  larger  number 
of  failures.  The  small  number  of  AM9130  and  AM9140  failures  may  be  due  to  the 
reduced  life  test  maximum  temperature  of  200°C  and  improved  manufacturing 
process  since  the  IK  NMOS  static  RAMs  were  introduced.  In  addition,  the 
elimination  of  pattern  related  design  deficiencies  may  have  contributed  to  the 
increased  reliability  of  these  4K  static  RAMs.  It  is  believed  that,  high 
reliability  military  systems  can  be  designed  with  devices  procurred  to  the 
MIL -M-38510/237  spec i f i c at i on . 

Static  excitation  bias  circuits  were  expected  to  be  more  effective  than 
dynamic  circuits  in  accelerating  charge  migration  failure  mechanisms,  while 
dynamic  excitation  bias  circuits  were  expected  to  be  more  effective  in  accele¬ 
rating  mechanical  mechanisms  such  as  dielectric  breakdown  in  the  memory  cell 
matrix.  The  failure  analysis  results  show  predominantly  surface  instability 
(bake  recoverable)  failures  for  both  the  static  and  dynamic  test  cells.  Based 
on  the  limited  test  cell  size  and  small  number  of  failures,  these  results  are 
not  conclusive.  The  controversy  whether  a  static  or  dynamic  excitation 
circuit  is  more  effective  for  burn- in/1 i fe  conditions  remains  unresolved. 
Therefore,  it  is  recommended  that  more  extensive  evaluations  be  performed  for 
static  excitation  versus  dynamic  excitation  of  LSI  memories.  These  should 
include  larger  test  cell  sizes  and  multiple  wafer  lots. 

The  MIL-M-38510/237  specification  requires  a  dynamic  burn-in/1  lie  circuit 
that  operates  the  test  devices  in  a  write  only  configuration  at  less  than 
rated  cycle  times.  During  reliability  charact eri zat. ions  a  similar  circuit 
(continuous  write  circuit  at  rated  cycle  time  and  maximum  rated  voltage) 


i 


produced  satisfactory  results.  However,  it  is  believed  that  a  dynamic  bias 
circuit  for  burn-in/life  tests  should  operate  at  rated  cycle  times  in  a 
configuration  that  approximates  device  usage  in  system  applications,  e.g., 
read/modify/write  cycle. 

The  supply  current  (^cc27^  and  chip  enab1e  access  time  (t^^)  test 

limits  could  be  tightened  based  on  the  electrical  characterization  and  life 

2 

test  parameters  degradation  results.  In  addition,  the  GALDIA  (N  )  pattern 
may  be  deleted  from  the  military  specification  without  compromising  device 
reliability.  Both  changes  were  previously  recommended  by  MDAC-St.  Louis  for 
the  Reliability  Evaluation  and  Electrical  Characterization  of  Memories  Program. 
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1 .0  INTRODUCTION 


The  physical  characteristics  evaluation  was  performed  to  document 
the  physical  and  electrical  structures  of  4K  static  RAMs  procured  to  the 
initial  draft  of  the  MIL-M-3851 0/237  specification. 

The  test  devices  selected  for  examination  were  4K  static  RAMs  manufac¬ 
tured  by  Advanced  Micro  Devices  in  IK  x  4  and  4K  x  1  organizations.  Two 
samples  of  each  organization,  procured  to  MIL-M-38510/23704  and  23712  with 
the  manufacturer  equivalent  MIL-STD-883  Class  B  screening  and  designated  as 
AM9130  ADMB  and  AM9140  ADMB,  were  used  in  this  study.  The  devices  examined 
in  the  study  are  presented  in  Table  A1 . 


TABLE  AT.  TEST  DEVICES  EXAMINED 


MIL-M-38510 

REFERENCE 

MANUFACTURER 

& 

PART  NUM8ER 

PART  DESCRIPTION 

DATE  COOE 

ASSIGNEO 
SERIAL  NUMBER  . 

/ 23704  BWC 

A0VANCE0  MICRO 

1024  X  1  STATIC  R/W 

7B03  GP 

6 

DEVICES 

RAM 

?  , 

AM9130  AOM-B 

/ 23712  BWC 

AOVANCED  MICRO 

4096  X  1  STATIC  R/W 

7803  HP 

6 

DEVICES 

RAM 

7 

AM9140  ADM-B 

1 
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2. 0  PHYSICAL  CHARACTERIZATION 

2 • 1  PACKAGE  analysis 

Both  part  types  were  constructed  in  identical  22-pin  side  brazed  packages. 
This  package  with  its  dimensions  is  illustrated  in  Figure  Al.  The  packages 
were  constructed  of  three  layers  of  black  cofired  ceramic  having  a  minimum 
of  ninety  percent  (90%)  alumina  content.  Several  superficial  chips  were  noted 
on  all  four  packages,  particularly  at  the  corners.  The  chips  probably 
resulted  from  improper  handling  techniques  during  processing.  Figure  A2 
presents  package  photographs  of  the  parts  examined.  The  external  leads  were 
gold  plate  over  nickel  and  the  lead  frame  gold  plate  only,  both  on  Kovar  type 
metal.  The  package  lid  was  gold  plate  on  Kovar  type  metal  sealed  with  solder 
of  eighty  percent  (80%)  gold  and  twenty  percent  (20%)  tin.  The  information  on 
the  material  composition  of  the  package,  leads  and  lid  seal  was  provided  by 
the  manufacturer.  The  lid  seal  appeared  uniform  and  hermeticity  tests  con¬ 
firmed  the  integrity  of  the  seal.  The  average  mass  of  the  four  parts  examined 
was  2.437  grams. 

2.2  DIE  ANALYSIS 

Both  the  AM9130  and  AM9140  utilized  the  same  diffusion/oxide  masks. 
Different  metallization  masks  were  used  to  achieve  the  IK  x  4  and  4K  x  1 
memory  organizations.  The  die  of  both  part  types  was  mechanically  scribed 
using  a  diamond  saw  technique.  The  die  size  from  scribe  line  to  scribe  line 
measured  187  x  192  mils  (4.75  x  4.88  mm),  and  the  die  was  bonded  in  a  cavity 
with  approximate  volume  of  .00212  cu  in  (34.72  cu  mm).  The  attachment  of  the 
die  to  the  package  is  through  a  ninety-eight  percent  (98%)  gold  and  two 
percent  (2%)  silicon  eutectic.  This  was  confirmed  by  an  energy  dispersive 
x-ray  analysis  of  the  eutectic  region.  The  energy  emission  analysis,  shown  in 
Figure  A3,  indicates  the  presence  of  silicon  and  gold  in  the  eutectic  and 
aluminum  due  to  background  scatter  from  the  leads.  Radiographic  examinations 
disclosed  an  uneven  eutectic  coverage-  beneath  the  die  of  all  the  devices 
examined  as  illustrated  in  Figure  A4.  This  uneven  coverage  was  more  pro¬ 
nounced  in  the  AM9130  with  an  approximate  coverage  of  eighty-five  percent 
(85%),  as  shown  in  figure  Ab. 
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FIGURE  A3.  ENERGY  EMISSION  ANALYSIS  OF  DIE  BOND  MATERIAL 


:.s  u i ki:  interconnects 

Aluminum  wires  of  1.1  mil  (.128  mm)  diameter  were  ultrasonically  bonded 
at  the  bond  pads  on  the  die  and  the  lead  frame.  Figures  A6  and  A7  present  SEM 
photographs  of  an  aluminum-aluminum  bond  at  a  pad  and  an  aluminum-gold  bond  at 
the  lead  frame,  respectively.  Probe  marks  were  noted  on  some  pads,  as  pre¬ 
sented  in  Figures  A8  and  A9.  The  manufacturer  related  that  these  probe  marks 
should  be  present  on  all  pads  with  the  exception  of  the  Memory  Status  pad. 

The  probe  marks  occured  during  wafer  level  die  testing.  Since  probe  marks 
were  not  visible  in  most  cases,  the  wire  bonds  were  probably  made  at  the  probe 
sites.  To  determine  if  bonding  over  probe  mark  sites  resulted  in  inadequate 
bond  strength,  a  bond  pull  test  was  performed  on  one  device  of  each  type. 

Table  A2  presents  a  summary  of  this  test.  No  bond  failed  due  to  the  lifting 
of  a  lead  from  the  pad,  thus,  verifying  the  integrity  of  the  bonds.  In 
addition,  all  bonds  passed  the  MIL-STD-883B,  Method  2011.2  bond  pull  require¬ 
ment  (1.7  gm)  for  a  1.1  mil  aluminum  wire.  The  placement  of  the  bonds  on  the 
die  pads  satisfied  the  requirements  of  MIL-STD-883B  in  all  cases.  However, 
several  bonds  were  located  near  or  over  the  pad  edge,  as  shown  in  Figure  A10. 

2.4  SUMMARY 

A  summary  of  the  physical  characteristics  of  the  devices  studied  is 
presented  in  Table  A3.  Presented  in  Table  A4  are  the  results  of  a  gas  mass 
spectrometer  (GMS)  analysis  performed  by  RADC. 
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TABLE  A2.  BOND  PULL  TEST  SUMMARY 


SERI AL 

FORCE  REQUIRED  TO  BREAK  BOND  1/ 

MIL-STD-833 

PART  TYPE 

NO. 

MIN  GRAMS 

MEAN-  SIGMA 

MAX  GRAMS 

METHOD  2011 

R£Wr,T 

21 

GRAMS 

AM9130 

6 

4.0 

5.0  0.8 

6.5 

1.7 

AM9140 

6 

4.3 

5.8  0.7 

6.6 

1.7 

NOTES: 

U  NO  BONO  SEPARATION  AT  BONO  PAD. 

2/  TWENTY-FOUR  (24)  BOND  WIRES  OF  EACH  PART  TYPE  PULLED.  BOTH  TWENTY-TWO  (22)  PIN 
DEVICE  TYPES  HAVE  TWO  (2)  Vcc  AND  TWO  (2)  V$$  BOND  WIRES  TO  THE  DIE. 


AT  6 
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FIGURE  A10.  SEM  PHOTOGRAPH  OF  LEAD  DISPLACEMENT - 
PAD  A  AMO 130  S/M  6 
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TABLE  A3.  SUMMARY  OF  PHYSICAL  CHARACTERISTICS 


PACKAGE 

Type 

Size 

Mass 

Die  Cavity 
DIE 

Size  -  scribe  line  to  scribe  line 
Area 

Scribe  Method 
Attachment 

BONO  PAO 

Area  of  smallest  pad 

WIRE 

Material 
Size  (diameter) 

Average  measured  bond  pull  strength 
Bonding  Method 

INTERCONNECTS 

Aluminum 

Narrowest  stripe  measured 

Closest  line  spacing 

Nominal  Thickness 

Vj-q  Stripe  Cross  Sectional  Area 

Polysi 1  icon 

Narrowest  stripe  measured 
Closest  line  spacing 


22-pin  side  brazed,  cofired  ceramic 
1.076  *  .412  in  (27.33  x  10.46  nn) 
2.437  gm 

.00212  cu  in  (34.72  cu  mm) 


187  x  192  mils  (4.75  x  4.88  mm) 
35904  sq  mils  (23.18  sq  mm) 
Mechanical  -  Diamond  saw 
Gold/Silicon  Eutectic 


18.9  sq  mils  (.012  sq  mm) 


Aluminum 

1.1  mil  (.028  mm) 
5.4  gm  of  force 
U1 trasonic 


.139  mils  (.0035  mn) 

.305  mils  (.00775  mm) 

6000  A 

3.4  x  IQ’7  sq  in  (2.2  x  10 sq  cm) 


.194  mils  ( .0049  mm) 
.417  mils  (.0106  mm) 
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TABLE  A4.  SUMMARY  OF  GAS  MASS  SPECTROMETER  ANALYSIS  RESULTS 


1 

SERIAL 

NUMBER 

CONCENTRATION  {%  V/V) 

PART  TYPE 

n2 

h2 

0-> 

co2 

H20 

AM9130 

8 

98.8 

0.8 

- 

0.2 

0.2 

9 

98.7 

1.0 

- 

0.2 

0.2 

AM9140 

8 

98.8 

0.5 

0.5 

0.2 

- 

9 

99.3 

0.5 

0.2 

- 

NOTE: 

GMS  ANALYSIS  PERFORMED  BY  RADC  (RBRM). 
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3.0  DEVICE  TECHNOLOGY 


8oth  the  AM9130  and  AM9140  memories  were  implemented  with  N-channel 
depletion  and  enhancement  mode  polysilicon  gate  MOS  transistors.  The  enhance¬ 
ment  and  depletion  mode  transistors  used  with  these  devices  have  nominal 
thresholds’ set  at  0.8V  and  -3.5 V,  respectively.  Depletion  mode  transistors 
that  were  used  as  loads  were  formed  by  using  ion  implantation  coupled  with  a 
buried  contact  between  the  polysilicon  gate  and  source  diffusion  layer,  as 
shown  in  Figure  All.  The  interconnects  used  throughout  the  devices  were 
metallization,  polysilicon  and  diffused  conductors. 

An  angle  section  was  performed  on  both  device  types  to  study  tne  internal 
structure  of  the  memory  cell  transistors.  A  close-up  photograph  of  the  memory 
cell  area  is  presented  in  Figure  A12.  The  corresponding  section  and  transistor 
structure  is  presented  in  Figure  A13. 
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4.0  ELECTRICAL  CHARACTLRIZAT ION 


Die  photographs  indicating  the  functional  blocks  for  the  W9I30  and 
AM9140  are  presented  in  Figures  A1 4  and  A15,  respectively.  The  pinouts  of  tin- 
corresponding  devices  are  presented  in  Figures  A16  and  A17  with  associated  bit 
maps  in  Figures  A18  and  A19.  The  bit  maps  were  verified  and  correspond 
to  those  illustrated  in  the  initial  draft  of  the  M1L-M-38510/237. 

4.1  DEVICE  ORGANIZATION 

The  AM9130  is  organized  as  1024  words  with  four  bits  per  word.  A  single 
four  bit  word  is  accessed  through  ten  address  lines  (AO  through  A9).  Addresses 
AO  through  A5  select  one  of  64  rows  of  memory  through  the  row  decoders. 
Similarly,  addresses  A6  through  A9  select  four  of  64  columns,  one  column  from 
each  bit  section,  through  the  col  unn  decoders.  Data  is  written  into  or  read 
out  from  the  cells  through  four  input/output  (I/O)  pads.  Bits  1,  2,  3  and  4 
correspond  to  I/O  1,  2,  3  and  4,  respectively. 

The  AM9140  is  organized  as  4096  words  with  one  bit  per  word.  A  one 
bit  word  is  accessed  through  twelve  (12)  address  lines  (AO  through  All). 

As  in  the  AM9130,  addresses  AO  through  A5  select  one  of  64  rows  through 
the  row  decoders.  Addresses  A6  through  All  select  one  of  64  columns  through 
the  column  decoders.  Data  is  written  into  the  accessed  cell  through  the  Data 
In  (01)  pad  and  read  out  through  the  Data  Out  (DO)  pad. 

4.2  CIRCUIT  DESCRIPTION 

All  the  inputs  of  the  AM9130  and  AM9140  devices  are  designed  with  static 
charge  protection  circuits,  as  presented  in  Figure  A20.  These  circuits 
utilize  an  RC  network  coupled  with  field  turn-on  transistors  with  threshold 
voltages  in  the  10-20  V  range.  The  circuits  are  designed  to  protect  against 
both  positive  and  negative  transients  in  the  200  volt  range. 

The  address  input  registers  of  both  memory  types  are  implemented  using  a 
latching  network  which  operates  as  an  address  register.  This  latching  register 
allows  the  memory  to  ignore  the  address  lines  until  the  next  Chip  Enable  (CC) 
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cycle  is  initiated.  The  latch  is  set  in  response  to  the  Chip  Enable  input  and 
the  outputs  of  the  slowest  row  address  bit  position  through  the  <t>A  signal. 

The  address  input  register  is  presented  in  Figure  A21  and  the  signal 
generator  in  Figure  A 22.  The  Chip  Select  ( CS )  input  performs  the  function  of 
a  high  order  address,  used  when  multiple  devices  are  stacked  to  handle  word 
capacities  larger  than  that  of  an  individual  device.  The  Chip  Select  input 
register  is  presented  in  Figure  A23.  The  Row  decoders  are  identical  for  both 
device  types  and  a  typical  example  is  presented  in  Figure  A24.  The  Column 
decoders  for  the  two  device  types  differ  for  addresses  A10  and  All.  Although 
both  addresses  A10  and  All  are  present,  they  are  inaccessible  to  the  user  on 
the  AM9130  device.  The  gates  of  decoder  transistors  Q2  and  Q3  are  connected 
to  ground  for  the  AM9130,  as  shown  in  Figure  A25. 

All  of  the  AM9130  and  AM9140  functions  operate  from  an  internal  timing 
control  network,  which  outputs  several  clocked  signals  in  response  to  the  Chip 
Enable  signal.  This  network  is  presented  in  Figures  A26,  A?7  and  A28.  These 
Chi ('  Enable  controlled  signals,  with  the  Output  Enable  (OE),  Output  Disable 
(00)  and  Write  Enable  (W1  )  are  used  in  the  input-output  control  circuits  which 
are  presented  in  I  igure  Ai’9. 

In  the  AM0 130,  the  Input  circuit  and  Output  Buffer  circuit  are  accessed 
through  a  common  pad  tor  each  word  bit.  The  AV9130  Input  circuit  and  Output 
Buffer  circuit  are  presented  in  Figure  A30  and  Figure  A31  respectively. 

The  AM9140  Input  circuit  is  accessed  through  the  Data  In  pad  and  the 
Output  Buffer  circuit  is  accessed  through  the  Data  Out  pad.  The  Input  circuit 
and  Output  Buffer  circuits  of  word  bits  1  and  2  of  the  AM 9 1 30  exist  on  the 
AM9140  but  are  inaccessible.  The  I/O  3  pad  of  the  AM 9 1 30  serves  as  the  Data 
In  pad  of  the  AMdi40  and  the  I/O  4  pad  of  the  AM 9 1 30  serves  as  the  Data  Out 
pad  of  the  AM9140.  The  1/0  2  pad  of  the  AM9130  is  not  used  on  the  AM9140. 

The  I/O  1  pad  of  the  AM 9 1 30  serves  as  the  All  pad  of  the  AM9140.  Conversely, 
the  A10  pad  of  the  AM9140  is  not  used  on  the  AM9130.  Presented  in  Figure  A3? 
is  the  I/O  1  pad  and  unused  static  cnarge  protection  circuits  of 
addresses  A10  and  All  of  the  AM9130.  Figure  A33  illustrates  how  addresses  A10 
and  All  are  implemented  on  the  AM9140. 
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FIGURE  A24.  ROW  DECODER 
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The  Memory  Cell  consists  of  a  bistable  latch  for  the  static  storing  of 
data.  The  cell  is  accessed  through  the  row  select  line  and  data  flow  is  along 
the  bit  lines.  Figure  A34  presents  a  typical  memory  cell.  The  bit  and  data 
line  organization  is  presented  in  Figure  A35.  The  Bit  Line  Latch,  presented 
in  Figure  A36,  aids  the  accessed  cell  in  discharging  the  high  capacitance  load 
developed  on  the  data  and  bit  lines.  Data  flows  along  the  data  lines  through 
the  Sense  Amplifier  to  the  Output  Buffer  during  a  read  cycle  and  through  the 
Write  Amplifier  from  the  Input  during  a  write  cycle.  The  Sense  and  Write 
Amplifiers  are  presented  in  Figure  A37.  Both  devices  provide  a  Memory  Status 
(MS)  circuit  which  parallels  the  data  flow  circuits  to  supply  accurate  timing 
information  of  the  device's  operation.  The  Memory  Status  circuit  is  presented 
in  Figure  A38  with  its  Output  Buffer  in  Figure  A39.  The  capacitor  network 
presented  in  Figure  A40  is  used  by  the  Memory  Status  circuit  to  simulate  the 
line  capacitance  of  the  bit  lines.  The  area  of  this  network  for  the  M9130  is 
twenty- five  percent  (25%)  of  that  used  by  the  AM9140,  since  each  output  of  the 
AM9130  accesses  1/4  of  the  bit  line  capacitance  of  the  AM9140. 
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FIGURE  A34.  MEMORY  CELL 
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5.0  CONCLUSIONS 


Internal  visual  examination  of  the  devices  studied  revealed  no  feature 
that  may  limit  life  test  temperatures.  The  uneven  eutectic  coverage  discov¬ 
ered  through  x-ray  examination,  though  in  compliance  with  MIL-STD-883B,  will 
impede  heat  conduction  from  die  to  package,  and  result  in  some  devices  operat¬ 
ing  with  higher  junction  temperatures  than  others. 

The  test  probe  marks  on  the  lead  pads  did  not  compromise  the  devices' 
bond  strength.  Bond  integrity  was  confirmed  through  a  bond  pull  test  per 
MIL-STD-883B,  Method  2011.2.  In  several  cases  the  bond  was  displaced  near  the 
pad  edge  but  away  from  where  metal  exited  the  pad.  The  alignment  window  in 
each  pad  isolated  the  bond  from  the  active  input  protection  circuitry  near  the 
bond  pad. 

The  circuit  schematics  of  the  AM9130  and  AM9140  are  in  agreement  with  the 
MIL-M-38510  logic  diagrams.  For  the  internal  timing  control  network,  several 
clock  signals  are  stmulataneously  generated  in  response  to  the  Chip  Enable 
signal.  These  signals  (cj>' ,  c|>" ,  etc.)  are  not  all  identified  in  the  initial 
draft  of  the  MIL -M -38510/237  logic  diagrams  for  both  part  types. 
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APPENDIX  B 


This  appendix  is  included  to  supply  various  details  for  t he  electrical 
test  conditions  of  the  AMD  130  and  AMD140  devices.  Presented  in  figures  (51,  It? 
and  pj  are  the  timing  requirements  of  the  AM9130  for  the  read,  write  and 
read/modify/write  cycles,  respectively.  Similarly,  presented  in  Figures  li4, 

BS  and  Bn  are  the  timing  requirements  of  the  AM9140  for  the  read,  write  and 
read/mod i fy/wri t e  cycles.  Switching  time  test  circuits  for  the  AMD130  and 
AM9140  are  presented  in  Figures  B7  and  B8.  Tables  B1  and  B2  show  the  Group  A 
inspection  electrical  tests  for  the  AM9130  and  AMD140  devices  per  the  initial 
draft  of  f’!l.-M-3;''B10/237.  Table  B3  provides  a  list  of  the  symbols  and  their 
definitions  that  are  applicable  for  these  devices.  Table  154  lists  the  func- 
t’onjl  algorithms  provided  by  the  manufacturer  for  the  initial  draft  of 
Mil  -M-3BS10/337.  Table  B5  lists  the  functional  algorithms  used  in  the  Relia¬ 
bility  (valuation  and  Electrical  Characterization  of  Memories  Program  for  the 
AM°140  device.  The  functional  algorithm  of  an  additional  pattern  used  during 
failure  analysis  is  presented  in  Table  B6. 


Read  cycle  test  conditions  over  operating  range  (notes  7,  8,  and  9). 
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FIGURE  Bl.  READ  CYCLE  WAVEFORMS  AND  TEST  CONDITIONS  FOR  AM9130 


Write  cycle  test  conditions  over  operating  range  (notes  ?,  8,  and  9'. 
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Read/  modify/  write  cycle  test  condition!  over  operating  range  (notes  7,  8,  end  9). 
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FIGURE  63.  READ/MODIFY/WRITE  CYCLE  WAVEFORMS  AND  TEST  CONDITIONS  FOR  AM9130 
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Read  cycle  test  conditions  over  operating  range  ^notes  7,  8,  and  9). 
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Write  cycle  test  conditions  over  operating  range  (notes  7,  8,  and  9). 
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Read/  mrdify/write  cycle  test  conditions  over  operating  range  (notes  7,  8,  and  Q; 
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NOTES  FOR  FIGURES  B1  THROUGH  B6 


Tyi ■  t ce T  operating  supply  current  values  are 
specified  for  noiinal  processing  parameters, 
normal  supply  voltage  and  the  specific 
an!' ;ent  temperature  shown. 

Typical  power-down  supply  current  values 
are  specified  for  normal  processing 
parameters,  the  specific  supply  voltage 
shown  and  the  specific  ambient  temperature 
shown. 

At  any  operating  temperature  the  minimum 
access  time,  ta(CE)(  min.),  will  be  greater 
than  the  maximum  CE  to  output  OFF  delay 
topfnax.) . 

7he  negative  value  shown  indicates  that  the 
Chip  Select  input  may  become  valid  as  late 
as  5.0  ns  following  the  start  of  the  Chip 
Enable  rising  edge. 

The  worst-case  cycle  times  are  the  sum  of  CE 
rise  time,  tw(g[H),  CE  fall  time  and  tw{ciL)‘ 
The  cycle  time  values  shown  include  the 
worst-case  t„(c[H)  and  T-wf  CEL )  requirements 
and  assume  CE  transition  times  of  10  ns. 

The  Memory  Status  signal  is  a  two-state 
output  and  is  not  affected  by  the  Output 
Disable  or  Output  Enable  signals.  If  the 
output  data  buffers  are  turned  off.  Memory 
Status  will  continue  to  reflect  the  internal 
status  of  the  memory. 

Output  loading  is  assumed  to  be  one  standard 
TTl  gate  plus  50  pf  of  capacitance.  See 
load  at  lower  right. 

Timing  reference  levels  for  both  input  and 
output  signals  are  0.8V  and  2.0V. 

CE  and  WE  transition  tines  are  assumed  to 
be  _<  10  ns. 

The  internal  write  time  of  the  memory  is 
defined  by  the  overlap  of  CE  high  and  Wf 
low.  Both  signals  must  be  present  on  a 
selected  chip  to  initiate  a  write.  Either 
signal  can  terminate  a  write.  The  tw(ur), 
t$u(da)  and  th(da)  specifications  should 
all  be  referenced  to  the  end  of  the  write 
time.  The  Write  Cycle  timing  diagram  shows 
termination  by  the  falling  edge  of  CE,  If 
termination  is  defined  by  bringing  WE  high 
while  CE  is  high,  the  following  timing 
applies: 


^twfwr) 
Mwr)  -  — 


11.  The  output  data  buffer  can  be  01.  and  output 
data  valid  only  wh^n  Outlet  Enable  is  high 
and  Output  Fn>alle  is  loh.  01  and  OC  per¬ 
form  the  same  function  with  opposite  control 
polarity. 

12.  The  output  data  buffer  should  be  enabled 
before  the  falling  edge  of  CE  in  order  to 
read  output  information.  When  the  output 
is  disabled  and  CE  is  low,  the  output  data 
register  is  cleared. 

13.  Input  and  output  data  are  the  same  polarity. 

14.  The  Chip  Enable  waveform  requirements  may 

be  defined  by  the  Memory  Status  output 
waveform.  For  a  read  cycle,  the  basic  CE 
requirement  is  that  1  la(Cf)  and 

Mcel)  lP: 


)  Ons  MIN 


The  Memory  Status  output  functions  as  if  all 
operations  are  readcycles.  If  a  write 
cycle  begins  with  WE  low  and  Data  In  is  stable 
at  the  time  CE  goes  high,  the  rising  edye 
of  MS  may  be  used  as  an  indication  that  the 
write  is  complete  and  C£jnay  be  brought 
low.  In  a  cycle  where  WE  goes  low  at  some 
point  within  the  CE  High  time,  the  rising 
edge  of  MS  should  be  ignored  as  an  indica¬ 
tion  of  write  status.  The  falling  edye  of 
MS  is  always  valid  independent  of  the  type 
of  operation  being  performed. 

For  the  R/M/W  cycle  tw^CEM) (n»in.)  is  defined 
as  th ( rd V (min.)  +  twfwr).  Mote  5  defines 
tc (RNW)  but  "ay  also  be  viewed  as  tc(rij)  + 
tw(wr)-  Modify  times  are  assumed  to  be 
zero.  For  systems  with  Data  In  and  Data 
Out  tied  together  R/M/W  timing  should  mate 
allowance  for  tgf  time  so  that  no  bus 
conflict  occurs. 
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NOTES: 

A.  CL  -  SO  pF  minimum,  including  probe  end  ,i'Q  capacitance. 

B.  Rj  -  A  K.T. 

C  Address  waveforms  most  be  coherent  to  within  >S  ns  of  CE . 
O'.  AlltIlH  and  tmsMns. 

E.  AH  generator  output  impedance  ■  SOn. 

F.  AH  diodes  are  1N91A  or  equivalent. 


FIGURE  B7.  SWITCHING  TIME  TEST  CIRCUIT  FOR  AM9130 
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UJ  OC  OC 
O  QC  Q 

-  o  3 
2  0  * 

0  2  u. 
uj  — <  O 

P  U.  k/» 

32^ 


o  u.  o 
QC  * 

S  A  Q 

X  t/>  3 

V— 

a 


£  B 


2  S 

8  s  § 

«  «  a 

UJ  UJ  t* 

Be- 


w  m  a 

Is® 

-as 

!f? 

7  >-  UJ 

2  at  B 


3  —  «J  m  *r 


B15 


I 


1 


* 
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TABLE  B3.  SYMBOLS  AND  DEFINITIONS 


r 


Supply  vo'tage 

Cannon  o-  reference  vcltage  node 
Output  enable,  input 
ci sable,  input 


C*  •  ,  e ,  inpu 

Chip- select.  mpL 


A  .  thr*  A, , 


"i  vj*'-  'irpeJjnce-S!  ate 

b  ’  gh-  ir  ,  eJd'oe-  s*  at  i 


S « .  ^  >  Cu'  fe’  t  f>«V  V 


; ,  ^ . -  -  on  level  *npui  voltage 

V , ^ . l cw  level  input  voltage 


wr . Write 


'V  “  '-y  StdtuS  Output 

Read  cycle  tine 


Chi;  enable  high 
Chi*  enable  low 


Andress  tc  c1*':  enab’e  se*u;  •  me 


--------  -  Chu  eratle  tc  adores*  held  t-ne 

. Chip  select  to  c r  ■ ;  enable  setu;  t  *• '<e 


-  -  -  -  O';  enab’e  tc  ch  *.  se*«v!  he'd  t  *  •«• 

-  -  -  -  Read  tc  chi,  enable  setup  t*nc 

-  -  -  -  fhit  rrable  tc  read  hr  1 o  tine 


Ch’r  enable  to  output  CM  delay 
Tata  input  setu;  trn« 

Data  input  hole  tme 
write  pulse  wdtb 


Of  or  or  to  output  OM  delay 
OF  or  00  to  o-tput  Oh  delay 
Interna1  Preset  Interval 


-  -  -  Chip  enable  HJGU  tine 

-  -  -  Ch’ p  enab1  e  1 0*  t  me 

-  -  -  An  ess  f-e  Cf  to  outre*  valid  delay 

-  -  -  Output  enable  tc  CF  low  setup  tine 

-  -  -  Oat  a  out  tc  “enpry  Status  delay 

-  -  -  Write  evt  ’e  tine 

-  -  -  Pat  a  valid  after  wn?e  delay 


r 


TABLE  B4.  MIL-M-385I0/Z37  FUNCTIONAL  ALGORITHMS 


functional  algorithms  a»e  test  patterns  which  define  the  e*act  Sequence  of  test  used  tu  verify  propt* 
operation  o«  a  rango  accc****  menorj  (RAM).  lach  algorithm  serves  a  specific  purpose  for  the  testiny 
Of  the  device. 


algorithm 


PI  SCRIPT  ION 
AH9130 


GALD1A 

(N‘) 


A.  Write  “O'  into  alt  of  the  memory. 

B.  S?a»*tiny  at  location  0  write  l  to  that  location  (i). 

C.  Read  t>  a!  the  bdsky’vurx)  location  i  *j;  and  then  read  ]  at  the  test  word  location  i. 
p.  Repeat  Step  c  diagonally  ^  i  nr  rement  s  no.  the  background  location  by  31  every  time). 

1.  w*ite  P  to  the  test  word  location  i  and  read  0  to  check  it. 
f.  Repeat  Steps  h-i  t  hrough  all  locations. 


GAlPlA  "1“  is  the  sane  as  GAlO ! A  **0''  with  opposite  data. 


MARCH 

(N) 


CB 

(N) 


A.  write  a  background  pattern  of  "Os"  throughout  memory. 

B.  Incrementing  from  address  0  to  address  ICK'3,  read  a  "0"  and  write  a  'V'  into  each  tell 

C.  Increrient my  from  address  1023  to  address  0.  read  a  "1"  and  write  a  “0"  into  each  cell 

p.  Repeat  Steps  B  and  C  with  a  background  pattern  of  "Is"  throughout  memory. 


A.  Wrtte  0  and  1  alternately  in  the  first  or  even  row. 

B.  Write  1  and  0  alternately  in  the  second  or  odd  row. 

C.  Repeat  Steps  A  and  B  through  all  rows. 

p.  Read  0  and  1  alternately  in  the  first  or  even  row. 
I.  Read  1  and  0  alternately  in  the  second  or  odd  row. 
f.  Repeat  Steps  P  and  l  through  all  rows, 
o.  Repeat  Steps  A  through  1  with  complement  data. 


SCAN  1  A.  Write  a  background  of  "Is"  throughout  memory. 

(N)  l>.  Read  a  "1"  from  each  location  in  the  memory  starting  at  address  0  to  address  UV3. 


AM9140 


GALD1A 

m 


A.  Write  "0"  into  all  of  the  memory. 

B.  Starting  at  location  P  write  1  to  that  location  (i). 

C.  Read  0  at  the-  background  location  i  *63  and  then  read  1  at  the  test  worst  location  1. 
l».  Repeat  Step  C  diagonally  ( increment  »ng  the  background  location  by  t-3  every  time). 

1.  Write  0  to  the  test  word  location  i  and  read  0  to  check  it. 

I.  Repeat  Steps  B-l  through  all  locations. 


GAtPlA  “l”  is  the  same  as  GAlPlA  "0"  with  opposite  data. 


MARCH 

(N) 


CB 

(N) 


SCAN  1 
(N) 


A. 

B. 

C. 


P. 


Write  a  background  pattern  of  "Os"  throughout  memory. 
Incrementing  from  address  0  to  address  40dS,  read  a  "O' 
Increment ing  from  address  40‘is  to  address  0,  read  a  "  1 ' 
Repeat  Steps  B  and  C  with  a  background  pattern  of  "Is" 


and  write  a  "1"  into  each  cell 
and  write  a  "0"  into  each  cell 
throughout  memory. 


A.  Write  0  and  \  alternately  in  the  first  or  even  row. 

B.  Write  1  and  0  alternately  in  the  second  or  odd  row. 
l!.  Repeat  Steps  A  and  B  through  all  rows. 

P.  Read  0  and  1  alternately  in  the  first  or  even  row. 
f.  Read  1  and  C  alt  innately  in  the  second  ot  odd  row. 
f.  Repeat  Steps  P  and  f  through  all  rows. 

(».  Repeat  Steps  A  through  F  with  complement  d..ta. 


A.  W.  ife  a  background  of  "Is"  throughout  iH-iory. 

H  .  Read  a  "1“  from  each  1. nation  in  the  memory  starting  at  address  0  to  addiess  40t»S. 


TABLE  85.  FUNCTIONAL  ALGORITHMS  FOR  THE  RELIABILITY  EVALUATION 
AND  ELECTRICAL  CHARACTERIZATION  OF  MEMORIES  PROGRAM 


PI  S.  K!T'  ION 
A*Nl4i 


GAlPAT  A.  Writ*  a  f.1*  i  <:•' V.j'V  O'  Vs  '  t  rif.ViO'  y  . 

(n2)  f,  hr;tf*  a  "  :  ‘  .•.I”.*,  t’t'  d*  the  '  I*  A*.  'Oh. 

C .  Road  K\  !  "  ’*  so  ..  e*  .  e  r  ea,’  >  v' ,  ‘  »■«*.»•’  test  I’’.,  *  odd  Kva*.  ’O'*  ?,  read  test 

fit.  *iea.;  it  sr  **».  4  i.'.ti*  P\  i>*v  \  Ok  A  *  •  is  ♦  »m  ‘  tost  l"  l  Kk  at  .on. 

I'.  Move  the  lr.*  f*t  L  so,  e*v  location  «fn»i  t**t  s»  ^wi*nvo  u?  step  i  . 

1.  Rive  a!  the  sr -i'lt'tu  v  ip*;'  c.u  I  n>)l  is  as  lost  fit  location. 

A.  Write  o  I'J.  »»;» pallet  e  of  " Vs'  f  h»\»c»ihOi,t  riorot  v  . 

(}.  W’ltO  A  "l"  ml,  l  hr  f  .».»«.*  d..*'i!  vO<!  re.l.'  ,>  "»*”  lror  l  ho  lost  fit  col', 

c.  Repeat  thi  m*  |  ii'is  c  fr'l»  thi  s,i-u  tost  I*  *  t  cell  Is. I  I  ho  ni*M  f.n  i  *j*'ound  cell.  li>n;  uhjc 

cp*t  i  1  wit  in-  i*.,  sequence. 

!'.  Move  Its*  tit  to  no't  '..k  .it  i,*»’  .on1  s! .»» t  so.juo»h  »  <vi.ni!. 

1.  Repeat  so.;. .on.  »•  i.n*  i  I  o.i.  h  lot  I  »s  used  as  tost  I'M  location. 

A.  U*itr  .*  !»,«.*  *j*  .‘..'Hi  ; at l ere  lit  "<K 1  t  nii*n»ooy. 

I .  «»  ’  1  o  o  *1  *  at  l  ho  lust  i  o 1  i  i  tost  t'  1 1  ) . 

1.  Rra.  t  ho  entile  i:*o"»ory, 

V .  i  iv,  1 1'  the  "1"  at  Iho  first  coll  And  w  'to  a  “1“  into  cell  t'  (moh  tost  hit). 

I.  Read  tho  ('•’!  Hr  .neaiory. 

Kopra*  tho  si-  ;  ,oiu  o  until  each  (oil  is  list'd  as  tost  fit  1  op  at  i  on. 

ti.  Ro.i.lf  stO|s  I  ttoo.ulh  I  frith  ,t  1 1}»  oi."»!  pattern  Of  “Is*  t  hr  ou'jhOut  memory  . 

R0WPA1  A.  hi  *to  a  fa.  k<y  o.  »nt  i,itto»o  of  "(>s'’  f,"  tho  first  row. 

(N3/?t  B,  W?  to  A  '  1'  .1*  tho  first  Ks.it  l.i'1  ^tost  I'M). 

I,  ho.i.*  I,»,  alien  II-  •  o  j.  on,  v  read  locution  »  o.r.’  tost  fit,  ro, lit  location  3,  road  tost 
fit.  he  a>‘  I.*’ t  i  i  all  ( •}  lov.it  ’nos  in  row  's  ihovKOvt  with  tho  tost  fit. 

IK  Move  tho  to-.*  fit  t,  so  -  Ku  at  *or»  and  repeat  tho  sovjuonco  in  stoo  l. 

t.  ho, -o.it  i  hi  so.;  ,o'iv  o  until  fviv  h  u>U  in  tho  t  H  st  row  is  usrM  as  lost  fit  location, 

f.  J  » i*»  ’o.'*!  </nt  i  ,i!)  ».'**••  >i f  i  -  i  Ojli’liM. 

f».  Ko.mmi  sto,”.  I;  t  h*  ouvjh  I  with  a  f,i«  k'j>  ,’.oui  p.itto*n  of  "Is"  thioutphnit  nionory. 


WAL  MHti 
(N?) 


GA^VIRT 

(HO 


MARCH  A.  W*  it  I  ,i  f a.  k  »*,i*»ii  j'.it  t  OMI  ol  "Os"  t  hi  o.i'jhowt  monKiov  . 

(N)  IK  l*  -v  *  o  >o*if  i i  Oiw  ,M.Jr«»sc  V  i<>  .i.M'rv.  40,>,«,  »  oihl  “0"  and  write  a  "1"  into  each 

coll. 

t.  Iik'o  o'Mios  1 1  ,'i  iivti.r  o  ••  ••  40-1*.  to  «hld»rss  I',  » »Mcl  »m  "1"  and  fri  iti'  an  "U"  into  each 

C  I'll. 

IK  fu.o.o  }'  ,i«.#  .  frith  .*  f’,»civ/»  oufiiJ  (Mtlorn  of  "Is"  throughout  mnuory. 

A,  Vi?  iti  .»  f  a.  y  *ii  ouiht  of  "t's"  With  a  diagonal  stripe  of  "Is", 

f.  Koad  l  hi  ,s*ttoin  UK  ♦  o  uni  i  ni}  the  address  f\  o»»r  each  time, 
l.  Vi  l  f ;  hi  ;  i (-!«•. 

IK  hr  ,n  ■  !'t  o.*t <-i  .  •  •  ■  *  the  a.*»l»  ess  t->  one  o.u  h  time. 

1.  I'  !’  •  -.h  P  ;i.«  s!i;,-i  has  foon  shitted  o4  t  n»os  and  the  pattern  lead 

out  each  time. 

I.  Repeat  stops  f  *hfO.,ijfi  I  frith  .1  f.i.  i  <Ji  ln;t»d  i'1  "Is"  frith  .1  dia  ;o»-a!  s  t »  i  f  •  of  ‘  <ls 
AODCOMP  r<.  W  : f  t  ,••>  a)(e»  f-a!e  oat  torn  « •  f  "Ps"  and  "Is"  t In  oudhout  mo’iory, 

(h)  B.  Vonfy  Odvh  1  in  at  ion  fy  t ht  address  so>|*»oih  r  addioss,  addiess  c  impl o* *ont  ,  address, 

.i.Utoss  *  l,  etc, 

C .  Read  .*ut  data  pattern  It  cun  no  iory. 


SMiniNG 

DIAGONAL 

(N) 


TABLE  B6.  FUNCTIONAL  ALGORITHM  USED  DURING  FAILURE  ANALYSIS 


Write  a  background  pattern  of  "Os"  throughout  the  memory. 

Set  the  address  to  zero.  This  becomes  the  first  test  bit. 

Write  a  “1"  into  the  test  bit. 

Road  a  "V*  .'rom  the  test  bit. 

Write  a  *’0"  into  the  background  cells  of  the  test  bit's  column  alternating  the  writes  with  a 
read  of  a  "V  from  the  test  bit. 

Increment  the  row  address  by  one.  This  bit  becomes  the  new  test  bit  in  the  column. 

Repeat  steps  C  through  F  until  all  the  cells  in  the  column  have  been  the  test  bit. 

Increment  the  column  address  by  one  and  repeat  steps  C  through  G. 


APPENDIX  C 

PARAMETER  CHARACTERIZATIONS 


Cl 


1 


APPENDIX  C 

PARAMETER  CHARACTERIZATIONS 


Electrical  parameter  measurements  were  performed  on  all  devices  prior  to 
the  start  of  stress  tests,  during  stress  tests  and  at  the  conclusion  of  each 
stress  test.  The  initial  and  final  data  at  25°C  and  125°C  was  summarized  in 
groups  of  devices  defined  by  the  various  stress  tests.  These  summaries  are 
provided  in  Tables  Cl  through  C12.  The  input/output  leakage  currents  measured 
on  the  automated  test  system  default  to  +  50  nAdc  as  a  minimum  value.  There¬ 
fore,  for  those  parameters  whose  actual  values  lie  between  +  50  nAdc,  the 
computed  mean  (x  <  50  uAdc)  and  sigma  ( o  =  0)  shown  in  the  tables  are  not 
representati ve  of  the  actual  mean  and  sigma.  No  important  parametric  shifts 
indicating  parameter  degradation  were  observed  from  the  initial  data  to  the 
final  data. 


TABLE  Cl.  AM9130  STATIC  LIFE  TEST  PARAMETER  CHARACTERIZATIONS  AT  25°C 


TABLE  C3.  AM9130  DYNAMIC  LIFE  TEST  PARAMETER  CHARACTERIZATIONS  AT  25  C 


TABLE  C7.  AH9140  STATIC  LIFE  TEST  PARAMETER  CHARACTERIZATIONS  AT  25°C 


1 

Nll-M- 38510/23112 
7257  LIMITS 

l»*C  STATIC  LIFE 

200*C  St  AT  1C  UfE  1 

hhdbi 

4000  m 

0  MR 

4000  « 

KB 

MM 

ETBI 

COB 

TT 

■ina 

NUN 

iiran 

NUN 

mi 

1,K 

■  ■ 

10 

0.005 

wrm 

■Tjfi 

0.051 

0.007 

0.058 

0.000 

■ 

IQ 

0.000 

0.070 

0.055 

0.810 

0.000 

■ 

10 

0.000 

0.010 

0.050 

0.000 

8.050 

0.000 

125 

4.589 

75.929 

4.4*0 

78.200 

5.521 

70.S1 

5.070 

',OHM 

0.084 

2W4 

0.080 

2.950 

0.10) 

1.904 

0.005 

Vm 

0.4 

0.153 

0.008 

0.149 

0.009 

0.144 

0.013 

0.140 

0.01) 

Vcc  *  4.5  Vic 

■ 

mu/wiTc 

V-**’ 

■  ■ 

500 

191.000 

22.110 

w.ooo 

22.449 

113.000 

21.110 

m.ooo 

10.780 

RU0/N001M/UNIU 

■ 

'«(«)■ ma< 

— —  ■ 

■ 

500 

175.000 

20.430 

172.000 

10.190 

158.000 

18.850 

170.000 

10.045 

TABLE  C8. 


AM9140  STATIC  LIFE  TEST  PARAMETER  CHARACTERIZATIONS  AT 


PPPIPp 

ML-N- 30510/23712 
TtST  UNITS 

■■ns 

cocc  static  lire 

UNIT 

_ . 

4000  MR 

0  NN 

4000  M 

NIN 

MM 

KM 

IE* 

KM 

EDI 

NUN 

EE3B 

KM 

5I5NR 

11H 

■ 

10 

0.051 

0.013 

0.050 

E 

0.051 

0.013 

0.050 

■  a 

•Me 

'man 

■  ■ 

)o 

0.050 

0.000 

O.OSO 

O.OSO 

0.000 

0.010 

•Me 

'phi 

■ 

10 

0.050 

0.000 

0.050 

0.050 

0.000 

0.058 

*MC 

'CCIT 

125 

53.300 

3.554 

81. M4 

50.400 

4.032 

€1.157 

■ 

■Me 

Vji 

■ 

2.970 

0.004 

1.983 

2.970 

0.103 

2.985 

ta 

Vic 

Vm 

■ 

0.4 

0.194 

0.012 

8.194 

0.014 

0.1K 

0.017 

8.188 

0.817 

Vic 

Vcc  «  4.5  Me 

BR 

KM/MUTI 

■  ■ 

■ 

100 

204.000 

14.210 

28.759 

213.000 

23.040 

ft 8.080 

28.724 

•5 

NUO/NODI'V/MtTI 

■ 

‘A(Clf 

■ 

500 

109.000 

22.270 

15.178 

197.000 

2). 390 

281.000 

28.147 

mS 

C6 


t***  I  z  *  6 


TABLE  C9.  AH9140  DYNAMIC  LiFE  TEST  PARAMETER  CHARACTERIZATIONS  AT  25°C 


MAACTER 

NU-N-  38510/237 12 

test  units 

m‘c  onMic  lift 

200‘C  OINMIC  UfE 

UNITS 

•* 

4000  « 

0* 

4000 

w 

NIN 

HU 

MEAN 

SIMA 

ic  An 

SIGMA 

CAN 

SIAM 

CAN 

SIMA 

10 

0.051 

0.009 

0.050 

0.000 

0.051 

0.007 

0.050 

0.000 

*Adc 

10 

0.050 

0.000 

0.050 

0.000 

0.050 

0.000 

0.050 

0.000 

»AdC 

10 

0.050 

0.000 

0.050 

0.000 

0.050 

0.000 

0.050 

0.000 

mAOc 

125 

79.400 

4.730 

71.133 

4.639 

78.100 

4.833 

74.000 

3.001 

•Adc 

2.2 

2.960 

0.075 

2.962 

0.076 

2.960 

0.166 

I. Ml 

0.160 

Vdc 

0.4 

0.147 

0.010 

0.110 

0.009 

0.146 

0.016 

0.134 

0.011 

vdc 

«cc  •  45  ** 

WAD/MR  ITf 

SCAN  1 

soo 

180.000 

17.370 

114.000 

17.393 

187.000 

21.030 

101.000 

20.  on 

kS 

READ/NOOIFT/MRUE 

.»(«)• 

500 

166.000 

15.300 

171.000 

14.932 

173.000 

16.070 

178.000 

10.109 

nS 

TABLE  CIO.  AM9140  DYNAMIC  LIFE  TEST  PARAMETER  CHARACTERIZATIONS  AT  125  C 


RARAKTER 

WL-N- 38510/2371 2 
TEST  UNITS 

I7S*C  DYNAMIC  lift 

iOO'C  DYNAMIC  lift 

UNITS 

0« 

4000 

HR 

0  HR 

40C* 

MR 

N1U 

HU 

CAN 

SIMA 

CAN 

SIMA 

CAR 

SIGMA 

cm 

SIGMA 

'lM 

10 

0.050 

0.006 

0.060 

0.022 

0.050 

0.003 

0.050 

0.000 

it  Adc 

Wl9 

10 

0.050 

0.000 

0.060 

0.015 

0.050 

0.000 

0.050 

0.000 

»Adc 

*0HZ21 

10 

0.050 

0.000 

0.063 

0.013 

0.050 

0.000 

cow 

0.000 

«*A6c 

't«7 

125 

67.000 

5.609 

60.700 

3.741 

62.800 

3.750 

80.333 

3.351 

•A4c 

‘‘mil 

2.2 

2.980 

0  075 

2.902 

0.076 

2.980 

0.165 

2.075 

0.16) 

Vdc 

Vm 

0.4 

0.182 

0.017 

0.199 

0.013 

0.187 

0.022 

0.103 

0.023 

Vdc 

Vcc  •  4.5  Vdc 

RE AO/MR 1TI 

t^.  SCAN  1 

500 

183.000 

17.890 

221.000 

21.774 

207.000 

24.030 

ttl.OOO 

22.000 

ni 

REAO/NOOI FT /UNITE 

<»(«)•  **“ 

500 

170.000 

15.570 

204.000 

19.302 

193.000 

21.020 

Mi. 000 

M.tM 

nS 

C7 
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FAILURE  ANALYSIS 


1.0  PROCEDURE 

All  parts  that  failed  an  electrical  test  during  the  program  were  analyzed  to 
determine  their  failure  mode,  failure  mechanism,  and  probable  cause  of  failure. 

The  general  analysis  procedure  was  as  follows: 

a)  Each  failure  was  confirmed  via  a  separate  bench  test  set-ups,  a  curve 
tracer  test,  or  a  retest  on  the  automated  test  system. 

b)  Each  failed  part  was  examined  using  suitable  diagnostic  equipment  such  as 
a  curve  tracer  to  isolate  the  degradation  to  a  specific  element  or 
junction  to  the  extent  possible  via  external  measurements.  If  it  was 
possible  to  isolate  the  degradation  externally,  the  part  was  leak  tested, 
delidded  and  the  degraded  component  investigated  to  determine  its  failure 
mode  and  mechanism.  If  the  degradation  could  not  be  isolated  externally, 
the  part  was  subjected  to  an  unpowered  bake  and  retested.  Any  part  that 
recovered  after  baking  was  classified  as  a  surface  related  failure  and 
was  leak  tested,  delidded,  and  examined,  but  no  further  attempt  was  made 
to  identify  the  exact  failure  mode  or  mechanism.  If  the  part  did  not 
recover  after  baking,  it  was  leak  tested,  then  delidded  for  trouble¬ 
shooting  to  isolate  the  failed  component(s)  for  analysis. 

2.0  SUMMARY 

A  summary  of  the  analysis  findings  is  presented  in  Table  Dl.  The  table 
contains  a  description  of  the  failure  symptoms  and  the  analysis  findings  for 
each  type  of  failure.  In  addition,  it  lists  the  quantity  of  failures,  failure 
times,  test  conditions  for  each  type  of  failure  and  a  paragraph  number  reference 
to  the  related  analysis  report. 
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TABLE  Dl.  AM91 30  AND  AM914Q  FAILURE  ANALYSIS  SUMMARY 


2.1  AM9140  IIH  FAILURE 


An  AM9140,  S/N  79,  failed  Ij^  at  pin  3  (ADDRESS  8)  and  at  pin  9  (OUTPUT 
DISABLE)  after  504  hours  of  static  excitation  life  tests  at  175°C.  7 ho  part, 

passed  the  504  hour,  25°C  parametric  tests,  failed  Ij^  at  +125°C  and  -55°C, 
and  then  failed  I ^  when  retested  at  25°C  as  shown  in  Table  D2. 

A  curve  tracer  bench  test  of  S/N  79  disclosed  that  1^  at  pin  3  was  31/xA 
at  the  specified  of  5.5  volts.  The  complete  Ij^  characteristic  is 
shown  in  Figure  Dl.  1^  at  pin  9  was  2200  /xA  at  5.5  volts  and  the  complete 
IjH  characteristic  is  shown  in  Figure  D2.  The  part  was  delidded  for  failure 
analysis.  A  photograph  of  the  pin  9  input  network  is  shown  in  Figure  D3  and 
its  electrical  schematic  is  shown  in  Figure  D4.  For  further  clarification,  a 
photograph  of  the  pin  9  network  of  a  sample  part,  after  removal  of  the  alumi¬ 
num  metallization  to  expose  the  diffused  components,  is  presented  in  Figure 
D5.  The  aluminum  interconnect  between  R2  and  the  input  transistor  of  the 
output  disable  stage  was  severed  open  and  of  pin  9  was  remeasured. 

Ijjl  (9)  was  unchanged  indicating  that  the  leakage  was  located  in  the  protec¬ 
tion  network.  No  further  isolation  was  possible  because  of  the  structure  of 
the  protection  network,  but  the  leakage  was  probably  caused  by  degradation  of 
the  junction  between  the  substrate  and  the  n-type  diffusion  (Nl)  that  composes 
Rl,  R2,  the  drain  of  Q1 ,  and  the  drain  of  Dl.  The  input  network  of  pin  3, 
shown  in  Figure  D6,  was  the  same  as  that  of  pin  9  except  that  the  pin  3 
network  contained  a  polysilicon  gate  capacitor  (Cl)  between  pin  3  and 
and  that  R2  was  connected  to  the  input  transistor  of  the  address  stage  via  a 
polysilicon  interconnect  rather  than  an  aluminum  interconnect.  Because  the  R2 
diffusion  was  butted  directly  to  the  polysilicon  interconnect,  the  address 

stage  was  not  severed  from  the  input  protection  network.  Cl  could  be 
disconnected  and  was,  but  this  did  not  change  the  leakage.  Although  it  could 
not  be  definitely  established,  the  failure  mode  of  pin  3  was  probably  the  same 
as  that  of  pin  9. 

S/N  79  was  baked  for  16  hours  at  200°C  and  exposed  to  ultraviolet  (U.V.) 
light  for  15  minutes  after  which  at  pins  3  and  9  had  completely  recovered 
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TABLE  D2.  IjH  MEASUREMENTS  AT  504  HOUR  MEASUREMENT  POINT 


500  uA/DIV. 


FIGURE  01 


VIH  =  0.5  V OtT/DIV. 

CHARACTERISTIC  OF  PIN  3  (A8)  OF  S/N  79 


FIGURE  02.  I,„  CHARACTERISTIC  OF  PIN  9  (OUTPUT  DISABLE)  OF  S/N  79 


(<  50  nA).  This  indicated  that  the  degradation  was  the  result  of  a  surface 
instability  mechanism.  During  life  test,  pins  3  and  6  had  been  connected  to 
Thus,  no  bias  had  been  applied  across  the  input  protection  networks  of 
pin  3  and  pin  6.  This  plus  the  fact  that  lj^  was  nominal  at  25°C  when  first 
tested  after  504  hours  indicated  that  the  instability  was  not  induced  by  the 
life  test.  Apparently,  the  pin  3  and  pin  9  input  networks  were  degraded 
either  by  static  charge  generated  during  handling  of  the  part  between  the 
first  25°C  test  and  the  +125°C  test  or  by  an  electrical  transient  generated 
during  the  parametric  tests.  For  reasons  unknown  the  damage  was  not  permanent 
and  could  be  reversed. 
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2.2  AM9130  V0L,  VQH,  ta(C£)  FAILURE 


One  AM9130,  S/N  62,  failed  at  Pin  5(output  1)  and  at  pin  6 


(output  2)  and  VQL34  at  pin  6  at  25°C  after  2000  hours  of  200°C  dynamic  life 
test.  The  part  also  failed  t^^  during  all  of  the  various  MARCH,  GALDIA, 
and  CHECKERBOARD  pattern  tests  at  supply  voltages  of  4.5V  and  5.5V.  Also,  the 
part  failed  all  16  V^L  and  VgH  tests  and  all  t^^j  pattern  tests  at  +125°C. 


A  curve  tracer  bench  test  verified  the  VgL  failure  at  pin  6  and  the  V^H 
failure  at  pin  5.  The  output  of  pin  5  was  low  ("0")  when  it  should  have 
been  high  ("1")  and  the  output  of  pin  6  was  high  ("1")  when  it  should  have 
been  low  ("0“).  The  output  at  pin  5  could  be  made  to  go  high  and  the  output 
at  pin  6  could  be  made  to  go  low  by  selecting  an  appropriate  address  other 
than  that  used  for  the  VqL  and  VQH  tests.  This  indicated  that  the  problem  was 
the  result  of  improper  logic  delivered  to  the  output  stage  rather  than  any 
degradation  in  the  output  transistors.  The  Vq^  failure  at  pin  6  could  not 
be  confirmed  and  this  indicated  that  the  part  had  recovered  partially. 


A  bench  tester  for  the  AM9130  and  AM9140  devices  was  constructed  in  order 
to  investigate  voltage  and  pattern  sensitivities  and  to  create  failed-bit 
maps.  The  bench  tester  utilizes  a  6800  microprocessor-based  computer  to  input 
signals  and  data  to  the  device  under  test.  Control  signals  also  drive  an 
address  sequencer  capable  of  automatic,  external,  or  manual  triggering.  Test 
programs  are  stored  via  magnetic  tape  and  all  output,  control,  and  address 
signals  are  monitored  via  both  a  logic  analyzer  and  an  oscilloscope.  This 
test  setup  is  shown  in  a  block  diagram  in  Figure  D7. 

Using  a  Read/Modify/Write  pattern  of  alternating  columns  of  "l's"  and 
"0’s",  each  address  was  analyzed  and  a  failed-bit  map  created  for  the  four 
outputs  at  the  nominal  supply  voltage  of  5.0  volts.  This  disclosed  failures 
occurring  at  numerous  addresses.  For  example.  Figure  D8  shows  the  four 
outputs  at  address  1700g  during  a  sequence  of  output  enable  pulses.  Note 
that  after  writing  a  "0"  to  output  2,  a  "1"  incorrectly  appears  at  output  2 
and  that  after  writing  a  "1"  to  output  4,  a  "0"  incorrectly  appears  at 
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output  4.  A  complete  bit  map  showing  the  physical  location  (die  location)  of 
all  the  failed  bits  at  5.0  volts  is  presented  in  Figure  D9.  The  part  exhibited 
a  critical  supply  voltage  (vqRjj)  above  which  the  part  functioned  properly 
and  below  which  the  part  exhibited  an  increasing  number  of  failed  bits  (the 
lower  the  supply  voltage,  the  greater  the  number  of  failed  bits).  The  critical 
voltage  is  illustrated  in  Figure  DIO.  Figure  DIO  is  a  composite  oscilloscope 
trace  showing  output  2  (address  17 77g  operating  properly  at  4.66  volts  and 
failing  at  4.65  volts.  The  critical  voltage  was  pattern  or  address  sensitive 
as  illustrated  in  Figure  Dll  through  D14  which  are  shmoo  plots  generated  on 
the  automated  test  system.  The  critical  voltage  also  varied  (drifted)  with 
time  of  applied  power.  For  example,  at  one  point  during  the  bench  testing,  at 
address  1777g,  vCR1j  was  5.70  volts.  After  15  minutes  of  testing  VCRIT 
increased  to  6.38  volts.  The  part  was  then  turned  off  for  30  minutes  and  when 
retested  was  5.83  volts.  Critical  voltages  as  high  as  6.72  volts 

(after  20  minutes  of  operation)  and  as  low  as  5.40  volts  (after  one  week  of 
storage)  were  observed  for  this  part.  The  drift  phenomenon  was  observed  at 
most  of  the  failed  bits  and  may  be  the  reason  for  the  pattern  sensitivity 
indicated  by  the  shmoo  plots. 


After  curve  tracer  pin-pin  tests  disclosed  no  sign  of  degradation  at  any 
input  or  output  component,  the  part  was  baked  for  16  hours  at  200°C.  A  retest 
of  the  part  on  the  automated  test  system  after  baking  disclosed  that  it  had 
completely  recovered.  Thus,  the  failure  of  this  part  was  the  result  of  a 
surface  related  mechanism  probably  caused  by  ionic  contamination  in  or  on  a 
passivation  layer. 
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FIGURE  D13. 


2.3  AM9140 


ta(CI :) 


FAILURES 


Eight  AM9140  devices  failed  t^^  during  various  MARCH,  GALLOP  and  CHECKER¬ 
BOARD  tests  at  one  or  both  of  the  supply  voltage  test  conditions.  Six  parts 
only  failed  at  -55°C  and/or  +125°C.  Two  parts,  S/Ns  88  and  92,  failed  at  28° C 
(S/N  92  also  failed  at  -55°C  and  +125°C).  In  each  case  the  failed  value  of 
ta(CE)  wdS  9reater  t^’an  950  nanoseconds,  the  upper  limit  setting  of  the 
measurement  system  (the  specified  maximum  limit  is  SOOnS). 


The  two  parts  that  exhibited  25°C  failures  were  bench  tested  using  the 
microprocessor  controlled  test  set-up  described  in  paragraph  2.2.  S/N  88  had 
failed  t^^  during  MARCH,  MARCH  RMW,  GALD1A  RMW,  MS,  CB  POWER  DOWN,  and 
CBN  POWER  DOWN,  all  at  1/^=5. 5  volts,  during  the  parametric  tests.  S/N  92 
had  failed  t^^  MARCH,  MARCH  RMW,  GALDIA  RMW,  and  MS,  all  at  both  4.5V  and 
5.5V,  during  the  parametric  tests.  However,  during  the  bench  test  no  anomalous 
patterns  or  failed  conditions  were  detected  over  the  supply  voltage  range  of 
3.0  to  7.0  volts.  Therefore,  shmoo  plots  of  MARCH  RMW  and  GALDIA  RMW  of  both 
parts  were  generated  on  the  automated  test  system.  S/N  92  passed  both  shmoo 
tests,  therefore  a  complete  parametric  retest  was  performed.  S/N  92  passed 
all  tests  indicating  that  it  had  completely  recovered  while  awaiting  analysis. 
S/N  88  failed  the  MARCH  RMW  shmoo  test  as  shown  in  Figure  D15,  but  passed  the 
GALDIA  RMW  as  shown  in  Figure  D16.  Since  the  shmoo  test  results  indicated 
that  during  GALDIA  RMW  had  recovered,  a  complete  parametric  retest  of 

S/N  88  was  performed.  S/N  88  passed  the  GALDIA  RMW  test,  but  still  failed  the 
other  five  tests  that  it  had  originally  failed.  These  findings  indicated  that 
the  failure  had  partially  recovered  and  therefore  S/N  88  possibly  was  a  surface 
related  failure.  After  curve  tracer  pin-pin  checks  disclosed  no  sign  of  degra¬ 
dation  at  any  input  or  output  component,  S/N  88  was  baked  for  16  hours  at  200  C. 
A  retest  of  t.ie  part  after  baking  disclosed  that  it  had  completely  recovered. 


In  view  of  the  results  of  the  investigation  of  the  25°C  failures,  the  six 

parts  that  failed  only  at  high  or  low  temperature  were  baked  prior  to  any  bench 

testing.  After  a  72  hour,  200°C  bake,  all  six  parts  completely  recovered.  Thus, 

the  failure  of  all  eight  AM9140  devices  which  exhibited  excessive  t  ,  ,  was 

a  v  Lh  j 

attributed  to  a  surface  related  mechanism  probably  caused  by  ionic  contamination 
in  or  on  a  passivation  layer. 
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FIGURE  D15.  CHIP  ENABLE  ACCESS  TIME  SHMOO  PLOT  OF  AM9140  S/N  88 
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FIGURE  D1 6.  CHIP  ENABLE  ACCESS  TIME  SHMOO  PLOT  OF  AM9140  S/N  88  -  CALDIA  R/M/W 
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2.4  AM9140  t  ,rr,  CB  AND  CBN  POWER  DOWN  FAILURE 

_ ilkki  - _ 


One  AM9140,  S/N  63,  failed  the  25°C  and  the  -55°C  t^^  CHECKERBOARD 
(CB)  and  CHECKERBOARD  NOT  (CBN)  POWER  DOWN  tests  after  4000  hours  of  200°C 
dynamic  life  test.  The  power  down  test  consists  of  writing  a  CB  or  CBN 
pattern  into  the  memory  at  =  5.5  volts,  reducing  to  1.5  volts  for 
one  second,  raising  back  to  5.5  volts  and  then  performing  a  CB  or  CBM 
read  and  compare  test. 


The  microprocessor  controlled  bench  test  set  described  in  paragraph  2.2 
was  not  equipped  to  perforin  the  powerdown  checkerboard  patterns,  and  time  did 
not  permit  reprogrammi ng  it  to  do  so  because  the  part  failed  so  late  in  the 
program.  Therefore,  S/N  63  was  retested  on  the  automated  test  system.  The 
part  still  failed  the  CBN  test  but  now  passed  the  CB  test  indicating  that  it 
had  partially  recovered.  After  curve  tracer  pin-pin  tests  disclosed  no  sign 
of  degradation  at  any  input  or  output  component,  the  part  was  delidded,  baked, 
and  exposed  to  U.V.  light.  When  retested  the  part  was  again  failing  both  the 
CB  and  the  CBN  tests.  Additional  diagnostic  testing  of  the  part  on  the  auto¬ 
mated  test  system  established  that  the  failures  occuring  during  the  checker¬ 
board  tests  were  located  at  four  adjacent  memory  cells:  3136g,  3137g,  3236g, 
and  3237g.  Optical  examination  of  these  four  cells  revealed  no  obvious 
anomaly,  consequently  the  glassivation  layer  was  removed  chemically  for  re¬ 
examination  and  further  analysis.  Examination  of  the  four  cells  again 
revealed  no  anomaly.  A  retest  of  the  part  on  the  automated  test  system  at 
this  point  prior  to  any  further  analysis,  disclosed  that  it  now  was  failing  all 
functional  tests.  The  failures  were  permanent  and  could  not  be  reversed  by  baking. 
Apparently,  the  part  had  been  damaged  irreversibly  by  the  glassivation  removal, 
but  the  nature  of  the  damage  could  not  be  established.  As  a  result,  no  further 
analysis  of  the  original  CB/CNB  failures  could  be  performed  and  the  failure 
mode  and  mechanism  of  this  part  could  not  be  established. 
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